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EXECUTIVE SUMMARY 
 
A great deal of research has been carried out on residential property values and numerous factors 
have been identified as having an effect on residential property values. The physical 
characteristics of properties of properties are the primary factors that determine the market value 
of residential property. However, factors concerning location are also thought to influence the 
value of residential properties. These locational factors include, among others, accessibility to 
highways, airports, schools, parks and public transportation centres. This study examines the 
effect of another locational factor, namely proximity to a newly built shopping centre. 
 
Shopping centres have been increasing in numbers throughout South Africa over the past few 
decades. These shopping centres are usually situated in close proximity to residential properties. 
As such, shopping centres that are in close proximity to residential properties can influence 
property prices. 
 
This study makes use of the hedonic price model to assess the price impact of the newly 
constructed Baywest Mall on the residential properties in the western suburbs of Nelson 
Mandela, namely Sherwood, Rowallan Park and Kunune Park.  
 
On 21 March 2012, the construction of the Baywest Mall was officially announced. This 
announcement created an area of interest as to whether its construction and completion would 
have an impact on the prices of residential properties situated in close proximity to the mall. 
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The study period for this study was from 2004 – 2015. This time period is thought to be 
sufficient to assess the effect of the Baywest Shopping Mall on the residential property prices 
before and after the announcement of the construction of the mall. As the study period ranged 
from 2004 – 2015 it was necessary to adjust the sales prices over the years to constant 2015 
prices. As such, the ABSA house price index was used in order to eliminate any inflationary 
effects on the property values over the study period. 
 
The results of the study revealed that the newly built Baywest Mall has a statistically significant 
positive effect on properties in close proximity to the shopping mall. This result enhances the 
scientific understanding of the effect of commercial land uses, such as, shopping centres, on the 
value of adjacent residential properties. 
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CHAPTER ONE: INTRODUCTION 
 
1.1    THE NATURE OF THE PROBLEM 
A significant change has taken place in the South African retail landscape over the past few 
years, namely the increase in the number of retail shopping malls. These shopping malls have 
also increased in size and are often situated within residential areas. The city of Port Elizabeth, 
South Africa has also experienced growth in the number and size of retail shopping malls. 
 
More specifically, there are numerous malls that are already in existence in Nelson Mandela Bay. 
These include Greenacres, Walmer Park, Moffet on Main, Sunridge Park, Pier 14, Summerstrand 
Village, 6th Avenue Walmer, Metlife Plaza and the recently completed “megamall” known as 
Baywest (Safarinow, 2015). These malls are in close proximity to residential properties and as 
such have the ability to have either positive or negative effects on the residential properties 
(Colwell, Gujral & Coley, 1985; Addae-Dapaah & Lan, 2010; Pope & Pope, 2012). These 
positive or negative effects are expected to have an impact on the housing prices of the 
residential properties that are in close proximity to the malls (Seago, 2014). If the mall exerts a 
positive effect (for example, time saving by being situated in close proximity) on nearby 
residential properties then this will increase the value of the house ceteris paribus. However, if 
the mall exerts a negative effect (for example, noise pollution, traffic congestion and increased 
localised pollution) on nearby residential properties then this will result in a decrease in property 
prices ceteris paribus (Seago, 2014). The research question thus arises: does the convenience of 
being situated close to a shopping mall outweigh any potential negative externalities?  
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Although many studies have been conducted in order to examine the effect of certain locational 
amenities on adjacent property prices, such as sports stadia, open spaces, schools, social housing, 
and hazardous waste sites, very few studies have been conducted on the effect of shopping malls 
on adjacent house prices (Deaton & Hoehn, 2002; Lowe, 2005; Eppli & Tu, 2005; Ismail El-
Adly, 2007; Mhlanga, 2012; Ahlfeldt& Kavetsos, 2014; Jacobs, 2015). This means that, inter 
alia, policy makers could be uncertain of the effect of commercial land uses such as shopping 
malls on surrounding property prices. This study aims to fill this gap. More specifically, this 
study examines, by means of the hedonic price model, the effect the announcement of the newly 
constructed Baywest Mall has had on surrounding property prices. The hedonic price model was 
selected for two reasons. Firstly, the hedonic price model has been used extensively in order to 
examine the effects of locational attributes on surrounding property prices (Cheshire & 
Sheppard, 1995; Haurin & Brasington, 1996; Dunse & Jones, 1998; Sheppard, 1999; Cohen & 
Coughlin, 2008; Ottensmann, Payton & Man, 2008; Monson, 2009; Cebula, 2009). Secondly, the 
model allows for welfare estimation. 
 
In terms of real estate specialists’ perceptions, some real estate agents are of the opinion that the 
Baywest Mall will have a significant impact on the property prices in the western suburbs within 
Nelson Mandela Bay and as such, have an impact on the buying trends in this area (Potgieter & 
Allan, 2014). Potgieter and Allan (2014) stated that the construction of the “megamall” would 
increase the number of people who frequent the western area of the city. Therefore, it can be 
expected that more people will be more willing to purchase property in areas that are in close 
proximity to the “megamall.” Furthermore, according to Goslett (2014) properties that are in 
close proximity to amenities such as shopping malls and schools often experience increased 
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demand for said properties. Therefore, it has been anecdotally stated that the Baywest Mall will 
increase buying activity in the suburbs that are in close proximity to the mall, and result in an 
increase in property values. This study seeks to empirically test this claim. 
  
The results of this study could be of interest to policy makers and homeowners. From a 
homeowner’s perspective, the majority of wealth that most working South Africans accumulate 
comprises individual home ownership and retirement savings. Thus, proximity to commercial 
land uses such as shopping malls has the potential to affect individual wealth if house prices are 
affected. From a policy perspective, commercial valuator’s models could be improved by 
including additional neighbourhood variables, such as proximity to shopping malls. 
1.2    OBJECTIVES OF THE STUDY 
The objectives of this study were to: 
 Provide a short description of the newly constructed Baywest Mall in Nelson Mandela 
Bay. 
 Provide a theoretical overview of property valuation methodology. 
 Review previous applications of the hedonic pricemethod, with an emphasis on 
applications investigating the effect of locational attributes on house prices. 
 Conduct a hedonic pricing analysis to determine the effect, if any, the announcement of 
the Baywest Mall has had on nearby residential property values.  
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1.3    ORGANISATION OF THE DISSERTATION 
Chapter One lays the foundation for the analysis of the dissertation. Moreover, Chapter One 
provides a description of the Baywest Mall in Nelson Mandela Bay and its specific 
characteristics. Chapter Two provides a theoretical overview of two commonly applied property 
valuation models, namely the hedonic price model and the discrete choice model. Chapter Three 
provides a review of international applications of the hedonic price model in order to evaluate 
the effects that shopping malls have adjacent property prices. An additional study on wind farms 
is also discussed in Chapter Three, the rationale being to discuss the incorporation of an 
“announcement dummy” variable in hedonic studies.  Chapter Four presents the results of the 
application of the hedonic price model applied in this study. Conclusions are drawn and 
recommendations are made in Chapter Five. 
 
1.4   EXISTING MALLS IN PORT ELIZABETH 
As previously mentioned, there are numerous shopping malls present in Nelson Mandela Bay. 
Table 1.1 presents a brief summary of these malls. 
 
 
 
 
 
 
 
 
 5 
 
Table 1.1: Summary of the main malls in Port Elizabeth 
 Mall Suburb Size Type Number of 
stores 
Date of 
opening 
1 Greenacres 
Shopping Centre 
Greenacres 48 000m2 Retail and 
commercial 
97 October 
1981 
2 Walmer  Park Walmer 43 000 m2 Retail and 
commercial 
120 September 
1998 
3 6th Avenue 
Walmer 
Walmer 6 500 m2 Retail and 
commercial 
18  
2002 
4 Sunridge Park Fernglen 5200 m2 Retail and 
commercial 
55 August 
2004 
5 Moffet on Main Walmer 42 000 m2 Retail and 
commercial 
64 November 
2006 
6 Metlife Plaza Kabega 20 000 m2 Retail and 
commercial 
23 October 
1997 
7 Summerstrand 
Village 
Summerstrand 2 500m2 Retail and 
commercial 
28  
1989 
8 Pier 14 Govan Mbeki 30 273 m2 Retail and 
commercial 
78 July 
1970 
9 Baywest Mall Rowallan Park 86 000m2 Retail and 
commercial 
250 June  
2015 
 
Source: Adapted from Safarinow (2015) 
 
As can be seen from Table 1.1 there are nine established main malls in Port Elizabeth and their 
general characteristics are stated in the table. Greenacres is the largest with its latest 
refurbishment adding an extra 7000m2 to the already existing building. The smallest shopping 
mall, in terms of square metres, is the Summerstrand Village shopping mall which comprises 
only 28 stores. All of the shopping malls have a mixture of both retail stores and commercial 
businesses. The shopping malls are all situated in areas which are in close proximity to 
residential properties. As such it can be assumed their presence could possibly have an effect on 
adjacent property prices.  
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1.5    THE BAYWEST MALL 
1.5.1 HISTORY OF THE PROJECT 
The initial phase of construction of the Baywest Mall was supposed to begin in 2008 but due to 
delays regarding the results of the environmental impact assessment, construction only began in 
August 2012 (Hayward, 2012). Further investigation into the environmental effect of the 
Baywest Mall delayed the construction of the mall by four years. There was some resistance by 
nature conservationists who felt that the placement off the mall was going to affect the natural 
habitat in the proposed area (Hayward & Rogers, 2012). More specifically, the area in which the 
Baywest mall is situated in is in close proximity to endangered plant species, namely honeybush 
tea, Corpuscularia lehmannii and lynbos buchu(Hayward & Rogers, 2012). Nature 
conservationists rallied against the building of the mall as they felt that its construction would 
compromise the natural habitat(Hayward & Rogers, 2012).  
 
Abbacus Asset Management, in conjunction with the Billion Group, was tasked with the design 
and development of the Baywest Mall (Hedley, 2013). Both these entities rallied for the go-
ahead for the construction of the mall.  Another supporter of the construction of the mall was the 
Nelson Mandela Bay Business Chamber operations director, Samantha Venter, who said that the 
construction of the mall would bring about economic growth within the city as well as much 
needed amenities (Hayward, 2012).  
 
Economic Development, Environmental Affairs and Tourism MEC, Mcebisi Jonas, gave the 
official public announcement of the construction of the Baywest Mall on 21 March 2012 
(Hayward & Rogers, 2012). Jonas stated that although consideration of the results of the 
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environmental impact assessment was taken into account, the potential economic growth that the 
mall would bring to the city could not be ignored. Job creation was one of the biggest influences 
on Jonas’ decision to go-ahead with the construction of the mall and it was felt that the positive 
effects of the mall outweighed the negative impacts that could potentially follow (Hayward & 
Rogers, 2012). Phase one of the development involved the building of the road network that 
would link Cape Road, Walker Drive and the N2 highway as well as the construction of the 
Baywest Mall and was expected to be completed towards the end of 2014. However, the mall 
was only officially opened in June 2015. 
 
1.5.2 THE STUDY SITE 
The residential properties in the BaywestMall area could be the fastest growing in the city 
(Baywest Mall, 2014). Figure 1.1 provides information on the location of the Baywest Mall. 
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Figure 1.1: The locality of Baywest Mall 
Source: Adapted from Baywest Mall (2014) 
As can be seen from Figure 1.1, Baywest Mall has been positioned such that it is not more than a 
20 minute drive for residents of Port Elizabeth and not more than two hours from nearby towns 
such as Jeffrey’s Bay, Grahamstown and Port Alfred. The optimised routes of transport are 
enabled by the 300 million dollar road network situated along the N2 freeway. With this 
development, accessibility to the mall has increased (Baywest Mall, 2014). This road network is 
designed to link the suburbs of Sherwood, Rowallan Park, Redhouse and Chelsea and ease traffic 
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congestion in these areas whilst making it faster to reach the Baywest Mall area(Baywest Mall, 
2014). Figure 1.2 elaborates on this. 
 
 
Figure 1.2: The proposed Baywest Precinct road network 
Source: Adapted from Baywest Mall (2014) 
With the recent opening of the Baywest Mall, RE/MAX independent properties has stated that 
this new development could have a huge effect in the “property buying trends” in Nelson 
Mandela Bay’s western suburbs (De Swart, 2014). As previously stated, real estate agents have a 
strong belief that the construction and completion of the Baywest Mall will bring about an 
increase in sales in the western suburbs of Nelson Mandela Bay due to the close proximity to 
shops and business offices (Potgieter & Allan, 2014). These amenities are expected to attract 
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potential property owners and as such increase interest in the properties in close proximity to the 
mall and will promote the purchasing of residential properties (Baywest Mall, 2014).  
 
1.5.3 A PHYSICAL DECRIPTION 
The Baywest Mall is a R2 billion investment which boasts 250 retail outlets which include major 
retailers such as Game, Woolworths, Pick ‘n’ Pay and Ster-Kinekor (Hedley, 2013). The mall 
also comprises a Fun Factory which has a 2500 square metre ice rink which is the first of its kind 
in Port Elizabeth (Baywest Mall, 2014). The Baywest Mall is viewed as the “shopping 
destination of preference in Port Elizabeth set to offer a unique and engaging shopping 
experience” (Baywest Mall, 2014). 
 
The amount of construction material that was used during the building of the Baywest Mall 
includes the following: 
 7.5 million bricks; 
 35 kilometres of electrical cabling; 
 60 000 m3 of concrete; 
 4 kilometres of shop fronts; 
 110 000 m2 of ceiling ; 
 65 000 m2 roof sheeting;  
 5 000 tons of reinforcing steel; and 
 1 000 tons of structural steel (Hedley,2013). 
 
 11 
 
During construction, it was estimated that the mall would create 10 000 jobs and has further 
created 1 500 permanent jobs from the retail stores within the mall (Straton, 2013). 
 
1.6    SYNOPOSIS OF CHAPTER ONE 
Chapter One has laid the foundation for the dissertation. A brief context of the study’s problem 
statement was outlined, goals stated and the organisation of the dissertation discussed. In 
addition, the study site has been defined.  The following chapter (Chapter Two) discusses the 
theory of two property valuation techniques. 
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CHAPTER TWO: THE THEORY OF PROPERTY VALUE MODELS 
 
2.1     INTRODUCTION 
There are multiple characteristics that determine the value of residential property. These 
characteristics range from the specific characteristics of the property that is being valuated, to the 
external influences that are exerted on the property (Cebula, 2009). This is based on the 
foundation that property generally comprises both desirable and undesirable characteristics. 
These characteristics are often of a non-market nature, for example proximity to shopping malls.   
 
The hedonic price model is the most commonly applied property valuation technique (Harrison 
and Rubinfield, 1978; Kohlhase, 1991; Mason and Quigley, 1996; Sheppard, 1999; Bowen, 
Mikelbank and Prestegaard, 2001; Palmquist, 2005). This model attempts to determine the effect 
of the property characteristics on the sale price of the property. Differences in property sales 
prices are attributed to different characteristics of different houses. Due to this, price 
homogeneity does not exist in the housing market as there is vast differentiation from one 
property to another (Palmquist, 2005). These differences include locational characteristics and 
house-specific characteristics.   
 
There are other property valuation techniques that can be utilised as alternatives to the hedonic 
price model, namely the random utility model which stems from discrete modelling. 
 
Chapter Two discusses the theory and estimation of the hedonic price model. The estimation of 
the hedonic price model includes a discussion on market specification, the choice of the 
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dependent variable, the choice of the independent variables, time considerations and omitted 
variable bias. In addition, two econometric issues, namely multicollinearity and 
heteroskedasticity will be discussed. A discrete choice model is also discussed in this chapter. 
 
2.2    THE HEDONIC PRICE MODEL 
2.2.1 EARLY HISTORY 
Court (1939) is considered to be the founder of hedonic price modelling with a study that 
focused on the demand for automobiles. However, Colwell and Dillmore (1999) credit Haas 
(1922) as the originator of the term hedonics. Haas (1922) utilised a hedonic model in order to 
assess the value of farmlands. Other important studies that are significant to the development of 
hedonic modelling are the studies by Lancaster (1966) and Rosen (1974). Lancaster’s (1966) 
study investigated the value of utility-generating characteristics (the product attributes model). 
 
The hedonic price model was refined by Griliches (1971). Griliches (1971) considered not only 
market goods when evaluating prices but also non-market goods such as accessibility, safety and 
cleanliness of the environment (Milon, Gressel and Mulkey, 1984). Griliches (1971) laid the 
foundation in which the relationship between property prices and amenities, both environmental 
and locational, was tested. Griliche’s (1971) research was further expanded by Rosen (1974). 
Rosen’s (1974) study entitled “Hedonic prices and implicit markets: product differentiation in 
pure competition” then paved the way for numerous hedonic price studies. 
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2.2.2 UNDERLYING THEORY OF HEDONIC PRICING 
In the determination of the value of goods it is important to view goods in a specific manner. 
More specifically, goods, in the context of hedonic pricing, are viewed as something that 
consumers want more of (Lancaster, 1966). Neutrality with regard to differences in the tastes of 
consumers is vital to this approach. This is important because consumers do not share the same 
tastes. Some consumers might appreciate certain attributes of a good more than other consumers. 
The main thought of this approach involves deviating from the accustomed thinking that 
suggests that goods are direct objects of utility but rather that utility is derived from the goods’ 
characteristics. It is assumed that consumption involves the usage of goods in order to gain 
utility, that is, goods are seen as inputs and utility gained as outputs (Lancaster, 1966).  
 
Generally, goods consist of more than one attribute. As such, it can be said that one good will 
produce more than one form of utility. That is, a single good has more than one property and as 
such will provide more than one form of utility. The characteristic properties of goods are seen as 
similar for all consumers and are in the same quantities so there is no personal influence in the 
selection of goods (Lancaster, 1966). Lancaster’s (1966) product attributes model states the 
following: 
 
 The good does not give utility, but possesses characteristics which offer utility; 
 A good possesses more than one characteristic and many characteristics are shared by 
many goods not just one; and 
 Combined goods may possess characteristics different from those pertaining to the goods 
singularly (Lancaster, 1966).  
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Gwin and Gwin (2003) substantiate this model further. Consumers are seen as people who aim to 
always maximize utility (U) in their choices of goods. Consumers have preferences with regards 
to goods and each good has a bundle of characteristics. Gwin and Gwin (2003) define product 
attributes as the characteristic or features that a good may or may not have. The positive 
outcomes that come from the attributes are viewed as benefits. People seek products that have 
attributes that will solve their problems and fulfil their needs. Understanding why a consumer 
chooses a product based upon its attributes helps marketers to understand why some consumers 
have preferences for certain brands. 
 
This understanding gives way to the product attributes model which is shown in Figure 2.1. 
 
Attribute Y 
                                      IC’   
𝑌𝐴                             A                      IC* 
                                                          IC 
                                                 B   
 
                                                         C   
  
 𝑋𝐴                               Attribute  X 
Figure 2.1: The two dimensional product attributes model  
Source: Adapted from Gwin & Gwin(2003) 
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In this model, the consumer is viewed as someone who aims to maximize their utility taking into 
consideration their respective budget constraint. The budget constraint is greater than or equal to 
the price combined with the amount of the attribute that is purchased(Gwin & Gwin, 2003). 
 
In Figure 2.1, A, B and C are three products that offer amounts of two attributes, X and Y, which 
are shown as rays on the graph. These three products offer specific amounts of the two attributes. 
This is shown in figure 2.1 with the y-axis representing attribute Y and the x-axis representing 
attribute X. The slopes of these product rays are determined by the ratio of attribute Y to attribute 
X. It is assumed that each product has a constant ratio of both attributes as its quantity consumed 
increases, which explains the linearity of the product rays. Product A has the highest ratio of 
attribute Y to attribute X whilst product C has the lowest ratio. The amount of the product that 
can be purchased is dependent upon the set price of the product and the budget of the consumer, 
that is, a given budget constraint along with a set of prices (Gwin & Gwin, 2003). The points A, 
B and C represent the limits of consumption along each of the rays taking into consideration the 
prices of the products and the consumer’s budget constraint. The line ABC represents the budget 
or efficiency frontier for the consumer. The consumer’s preference is represented by the 
relatively flat indifference curves labelled IC, IC* and IC'. The consumer is said to be 
maximizing their utility where the efficiency frontier (ABC) is tangential to an indifference 
curve IC* at point A. Therefore, at point A the consumer is offered 𝑋𝐴 units of attribute 𝑋 and 𝑌𝐴 
units of attribute 𝑌. The consumer maximizes their utility at a point of tangency, therefore 
product A will be chosen (Gwin & Gwin, 2003; Lancaster, 1966). 
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Rosen’s (1974) implicit market model provided a major contribution to hedonic analysis. 
Rosen’s (1974) methodology comprises two components. First a hedonic price function is 
estimated. Implicit prices can then be calculated for individual house characteristics. This is 
known as the first stage. The second stage then uses the implicit prices to estimate a demand 
function for the characteristic in question.  This model implies that a property can be described 
by its characteristics: 
 
𝒛 = (𝑧1, 𝑧2, … … … . 𝑧𝑛)1                                                                                                      2.1 
where: 
𝑧𝑖(𝑖 = 1,2 … … … 𝑛)  = the amount of any one of the characteristics of a property (Day, 2001). 
 
As mentioned previously, the lack of homogeneity amongst houses within the housing market 
implies that the choices that are made about the way in which the characteristics of the houses 
may be combined is seen as continuous (Freeman, 1979). Each house characteristic is viewed as 
an economic good and not an economic bad (Freeman, 1979). For instance, a property could be 
in close proximity to a busy road and rather than measuring the level of noise, it is simply 
viewed as the level of quiet. It is for this reason that consumers place positive marginal 
valuations on characteristics (Rosen, 1974). When a household purchases a property, the 
household is purchasing a bundle of characteristics in line with 𝑧𝑖. Some of these characteristics 
of the property are presented in Table 2.1. 
 
 
                                                          
1 Vectors are represented by boldface letters. For example𝒙 = 𝑥1, 𝑥2, … . 𝑥𝑛 . 
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Table 2.1: The attributes that play a role in property prices 
Structural Attributes 
E.g., numbers of bedrooms, bathrooms, 
fireplaces, garages ; square footage of house ; 
lot size; age of structure ; existence of pool 
 
 
 
 
 
 
 
 
 
 
→                Property Value 
Neighbourhood Attributes  
E.g., socio-economic characteristics of 
neighbouring residents; quality of 
neighbouring structures; ownership/ rental; 
ethnic composition 
Community Attributes 
E.g., school and tax districts  
Locational Attributes 
E.g., proximity and accessibility to various 
(dis)amenities including waste sites, power 
lines, highways, shopping malls, churches, 
schools, cultural opportunities, airport, public 
transportation 
Environmental Attributes 
E.g., view from property, noise levels, 
pollution levels, storm water 
Time-related Attributes 
E.g., month and year of sale, number of days 
on market 
 
Source: Adapted from Nicholls (2002) 
As is evident in Table 2.1, the value of a property is determined, in part, by its characteristics. 
This can be represented by the hedonic price function: 
 
𝑃 = 𝑃(𝒛)                                                                                                                            2.2 
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As is evident from equation 2.2 the price of a property, 𝑃, is a function of its characteristics. The 
function is termed hedonic as it is derived from the different qualities of the different good and 
the utility that the good would bring to the consumer (Day, 2001). This hedonic price function 
represents the equilibrium price schedule in a competitive market (Day, 2001). 
 
Figure 2.2 is a graphical representation of the hedonic price function for one specific 
characteristic, 𝑧1. The other characteristics, 𝒛−𝟏 are held constant whilst 𝑧1 is allowed to vary. 
 
Price of                                                                                                                        P (𝑧1;𝒛−1) 
Property (R)                                                                                                                  
 
 
 
 
 
 
 
                                                                      Quantity of characteristic 𝑧1 
Figure 2.2: The hedonic price function 
Source: Adapted from Rosen (1974) 
The horizontal axis represents the quantity of the housing characteristic 𝑧1, whilst the vertical 
axis is representative of the price of the property (R). As can be seen from Figure 2.2 the greater 
the quantity of 𝑧1, the higher the price of the property ceteris paribus. It is also evident that the 
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growth in the house price diminishes as the quantity of 𝑧1 increases. For example, using the size 
of a garden, the more garden space that is added to a property with little to no garden space, the 
more its property price will improve relative to a property which has a vast amount of garden 
space already. 
 
The marginal implicit price function can be used to clarify the slope of the hedonic price 
function. The marginal implicit price is derived by partially differentiating the hedonic price 
function with regard to the characteristic that is being investigated: 
 
 𝑝𝑧𝑖 =
𝜕𝑃(𝒛)
𝜕𝑧𝑖
                                                                                                                          2.3 
 
Implicit price of 
𝑧1 (R) 
 
 
 
 
𝑝𝑧1(𝑧1; 𝒛−1) 
 
 Quantity of characteristic 𝑧1 
Figure 2.3: Marginal implicit price function for characteristic 𝒛𝟏 
Source: Adapted from Day (2001) 
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Figure 2.3 represents the marginal implicit price function for characteristic 𝑧1.The horizontal axis 
represents the quantity of the characteristic 𝑧1. The vertical axis is representative of the implicit 
price of 𝑧1. As can be seen from Figure 2.3, the marginal implicit price function for characteristic 
𝑧1 corresponds with the hedonic price function. When 𝑧1 is low the marginal implicit price of the 
characteristic is high and it declines as 𝑧1 increases. 
 
Rosen’s (1974) hedonic price model made the assumption that individual consumers can affect 
the price that they will pay for a house by the characteristics which they see as desirable and 
choose. However, they do not affect the equilibrium price function in a competitive market 
because they are price takers (Palmquist, 2005). It was also assumed that the hedonic price 
function could need not be linear. This is because it is not possible to move characteristics 
between houses. If moving characteristics between houses were possible, linearity of the hedonic 
price function would emerge. Therefore, the hedonic price function need not be linear. It can thus 
be deduced that the consumer, their preferences, and the assortment of houses for sale are the 
basis for the hedonic equilibrium price function.  
 
When utility maximization and individual choice is considered, consumer 𝑗’s (who will purchase 
one unit of the good with characteristic 𝑧1) choice involves maximizing a utility function: 
 
𝑈(𝑧1, 𝑧2, … 𝑧𝑛, 𝑥, ∝
𝑗)
subject to a budget constraint: 
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𝑌𝑗 = 𝑃(𝒛) + 𝑥                                                                                                                        2.5 
where: 
𝑥  = the non-housing composite good or numeraire good, equal to unity and                                                                                                           
represents money that is spent on all other goods consumed. 
𝑌𝑗  = the consumer 𝑗’s normalized income. 
∝𝑗 = a vector capturing socio-economic variables that vary across individuals. 
 
Maximizing of the utility function with respect to the budget constraint can be achieved by the 
Langrangian multiplier technique which uses both equations 2.4 and 2.5 (Day, 2001).  The 
Langrangian function is specified as follows: 
 
𝐿 = 𝑈𝑗(𝑧1, 𝑧2, 𝑥 … , 𝑧𝑛, 𝑥, ∝
𝑗) +  𝜆 (𝑌𝑗 − 𝑥 − 𝑃(𝑧))                                                            2.6 
The maximization with respect to the Lagrange multiplier brings about the first order conditions 
which are as follows: 
 
𝜕𝐿
𝜕𝑧𝑖
= 𝑈𝑧𝑖
𝑗 −  𝜆𝑃𝑧𝑖 = 0                   𝑖 = 1, 2, … … . . 𝑛                                                                  2.7 
 
𝜕𝐿
𝜕𝑥
=  𝑈𝑥
𝑗 − 𝜆 = 0                                                                                                                         2.8 
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𝜕𝐿
𝜕𝜆
= 𝑌𝑗 − 𝑥 − 𝑃𝑧𝑖 = 0                                                                                                                2.9 
where: 
𝑈𝑧𝑖
𝑗
 = the partial derivative of the utility function with respect to the 
characteristic 𝑧𝑖. This can be interpreted as the extra utility that comes from 
choosing a property with one extra unit of characteristic 𝑧𝑖, ceteris paribus. 
 
𝑈𝑥
𝑗
 
= the partial derivative of the utility function with respect to the composite 
good. This is interpreted as the extra utility that comes from an extra unit of 
money to be spent on other goods, ceteris paribus(Rosen, 1974;Day, 2001). 
Utility maximization is dependent on the marginal rate of substitution (MRS) between a 
characteristic and the numeraire which is equated to the marginal price of the characteristic: 
𝑈𝑧𝑖
𝑗
𝑈𝑥
𝑗 = 𝑃𝑧𝑖                                                                                                                                 2.10 
This condition shows that the consumer is willing to pay 𝑃𝑧𝑖 for a marginal change in the 
characteristic (Rosen, 1974). 
 
To further elaborate on this, Rosen (1974) defined a function that was termed the bid function, 
𝜃𝑗. The bid function’s derivative is the marginal bid function which is also known as the 
consumers marginal-willingness- to-pay (MTWP) function. This functions explains the amount 
that a consumer 𝑗 is willing to pay for 𝑧𝑖 when one or more of its characteristics is changed 
whilst utility and income remain unchanged. 
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The bid function, 𝜃𝑗, is defined as follows: 
𝑈𝑗(𝑌0 − 𝜃
𝑗 , 𝑧𝑖 , 𝑎
𝑗) = 𝑈0
𝑗
                                                                                                       2.11 
where: 
𝜃𝑗                  = 𝜃(𝑧𝑖, 𝑌0, 𝑈0
𝑗 , 𝑎𝑗)  2.12 
 
When the utility is maximized in Equation 2.12 the marginal bid a consumer is willing to make 
for 𝑧𝑖 is produced. This marginal bid will be equal to the marginal rate of substitution (MRS) 
between the characteristics, 𝑧𝑖 and 𝑥. It is then evident that in order for utility maximization to 
take place the MWTP for a characteristic should be equal to the marginal implicit price of that 
characteristic (𝜃𝑧𝑖 = 𝑃𝑧𝑖) (Taylor, 2008). 
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This shown in Figure 2.4: 
 
Price of  
property (R)       𝜃0
𝑗𝑃(𝑧1; 𝒛−1) 
 𝜃1
𝑗
 
                                                               E 
𝑃(?̂?1)𝜃2
𝑗
 
 
 
 
 
 
  
 ?̂?1                    Quantity of characteristic 𝑍1 
 
Figure 2.4: The bid function for characteristic 𝒛𝒊 
Source: Adapted from Day (2001) 
Figure 2.4 shows three bid functions for a consumer 𝑗 which are 𝜃0
𝑗
, 𝜃1
𝑗
and 𝜃2
𝑗
. It also shows one 
housing characteristic, 𝑧1, on the horizontal axis(the others are held constant) and the property 
price on the vertical axis. Line 𝑃(𝑧1; 𝑧−1) shows the equilibrium hedonic price function. 
Individual bid functions depend on the preference and the income of an individual. The 
consumer 𝑗 will choose a level of characteristic 𝑧1 that places the consumer on the bid curve 
providing the highest level of utility whilst in line with the current market prices. This is known 
as maximizing utility. This point is shown in Figure 2.4 by point E where the bid curve 𝜃1
𝑗
 is the 
lowest bid curve which is tangential to the hedonic price function resulting in a market price of 
𝑃(?̂?1) and the ideal quantity of ?̂?1 of the characteristic 𝑧1 (Day, 2001).   
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2.2.3 WELFARE ESTIMATION 
One of the goals of hedonic estimation is to measure the amount of welfare that is gained or lost 
in the event of amenity changes (Palmquist, 2005). Environmental factors that influence the 
quality of life of residents include peace and quiet, access to recreational areas and clean air 
(Day, 2001). These factors, however, are not traded directly in housing markets. Potential 
residential owners show more monetary based reactions to market house characteristics than they 
tend to react to these non-market characteristics (goods) (Day, 2001). It is important to take into 
consideration that amenity changes play a role in the preferences of potential residential owners 
when choosing which property they would like to purchase. As previously mentioned, this is the 
reason that hedonic property markets are utilised, as they provide an indirect method in which 
households can exhibit their preferences for non-market goods. This is achieved, for example, 
when a household wants access to more clean air. More specifically, it is not possible for them to 
go out in the market and purchase clean air but it is possible for the household to seek a 
residential property via the property market that will be located in an area that is less polluted 
thus increasing its environmental quality. Expanding on what was stated earlier on the goal of 
hedonic analyses, it can be said that hedonic analyses aim to establish what effect amenity 
changes have on the well-being of both property owners and suppliers (Freeman, 
1993).Household well-being can be classified in terms of the utility that the household gains or 
loses whilst property suppliers’ well-being can be classified in terms of their profit changes. 
 
Changes in amenities will be reflected in different prices being paid for properties. It is however 
difficult to ascertain how much utility a household has gained due to an amenity change and it is 
for this reason that a monetary compensating measure is used. This monetary compensating 
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measure, which takes the household’s current utility as baseline, is divided into two parts, 
namely willingness to pay (WTP) and willingness to accept (WTA). WTP is utilised when an 
amenity improvement occurs and WTA is utilised when there is a decrease in amenity quality 
(Day, 2001). 
 
With information such as the implicit price of amenity quality and property locations that have 
been chosen by different households it is possible for hedonic practitioners to make strong 
inferences on the preferences of households. The structure and the rank of these household 
preferences form a large part of the empirical analysis of hedonic markets.  
 
The techniques employed will differ vastly based on the type of amenity change that is being 
experienced, the transaction costs within the market and, lastly, the time period that is being 
considered. For example, an amenity change may only affect a few residential properties in 
relation to the size of the market. In this case, the hedonic price schedule will not change 
(Palmquist, 2005). In other cases, the amenity changes may affect a large portion of the 
properties in the market and thus bring about a change in the hedonic price schedule. The 
reaction of households must also be considered. More specifically, whether or not households 
choose to relocate in response to amenity change. A choice to move or stay is influenced mainly 
by the cost of the move and the time consideration (Bartik, 1988).  
 
Amenity changes are considered to be non-excludable and cannot be depleted. It is thus 
concluded that these changes are seen as public goods (Bartik, 1988). The desirability that the 
households exhibit for the change can be estimated by comparing the marginal cost of the 
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amenity change with the marginal value. The marginal value is the sum of all the affected 
individuals’ marginal willingness to pay (MWTP) at the house equilibrium that already exists 
(Palmquist, 1989).  
 
Therefore, for characteristic𝑧𝑖, the aggregate marginal welfare change (𝑤𝑧𝑖) is given by 
 
𝑤𝑧 = ∑ 𝜃𝑧
𝑗𝑛
𝑗=1 = ∑ (
𝜕𝑃(𝑧)
𝜕𝑧𝑖
)𝑗
𝑛
𝑗=1     2.13 
 
where: 
𝑤𝑧                  =   the aggregate marginal welfare change. 
𝜃𝑧
𝑗
                  =   the jth individuals marginal willingness to pay (Freeman, 2003).  
 
Freeman (2003) states that the marginal benefit estimates derived from Equation 2.13 are 
relatively simple to calculate. 
 
The nature of an amenity change has to be taken into account as it will influence the reaction and 
the way that it will affect welfare. If the change is seen as minor then is termed a localised 
change and as such the hedonic price schedule does not shift. This is because the change in 
amenity will not affect the whole market. However, the properties that are affected by the 
amenity change may experience a spike in rent as landlords would increase payments in order to 
“match” the increased utility in the areas that are affected by the amenity change (Day, 2001). 
The following section discusses a change in a localised amenity. 
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2.2.3.1 LOCALISED AMENITY CHANGE 
When the change in the amenity is small and does not call for a recalculation of the hedonic price 
schedule it is classified as a change in a localised amenity. The classification of the size of the 
change is based on the fact that the change will not affect numerous properties in the market. 
Only a small number of properties will experience the amenity change and as such only those 
properties that will experience the effects of the amenity change will be affected. Any benefits 
that are gained by the affected households are calculated by the change in property prices on the 
hedonic price function and not by means of the marginal willingness to pay function (Palmquist, 
1992). 
Figure 2.5  provides more clarity: 
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Price (R) 𝑃𝑏(𝑧1; 𝑧−1) = 𝑃
𝑎(𝑧1; 𝑧−1) 
𝑃𝑎 𝜃(𝑧1; 𝑧−1, 𝑦, 𝑢0) 
                𝜃(𝑧1; 𝑧−1, 𝑦, 𝑢1) 
 
 
𝑃𝑏 
 
 
 
 
 𝑧1
𝑏𝑧1
a                 Quantity of characteristic 𝑍1 
Figure 2.5: An improvement in amenity when the hedonic price function does not change 
Source: Adapted from Day (2001) 
Consider that there are two hedonic price functions namely, 𝑃𝑏(𝑧1; 𝑧−1) and 𝑃
𝑎(𝑧1; 𝑧−1). The 
former represents the equilibrium function before the change in amenity has taken place and the 
latter is representative of the state of the market after the change in amenity has transpired. At 
equilibrium, landlords cannot increase their profits by changing the property characteristics and 
households cannot increase their utility by choosing a different property to occupy (Day, 2001).  
 
As discussed earlier, a localised amenity change will not bring about any changes in the hedonic 
price schedule. More specifically, 
 
𝑃𝑎(𝑧1; 𝑧−1) = 𝑃
𝑏(𝑧1; 𝑧−1) 2.14 
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Equation 2.14 shows that before the localised amenity change and after the amenity change the 
hedonic price schedule is still the same and no adjustments are necessary in order to clear the 
market (Day, 2001). 
 
For further emphasis, consider one property that experiences a localised amenity change. In 
Figure 2.5 if a property is allocated an initial amenity level of 𝑧1 then the initial level of this 
property is noted as 𝑧1
𝑏. This amenity level commands the rental price of 𝑃𝑏. A household which 
chooses to occupy this particular property will have a bid curve which is tangent to the hedonic 
price function at 𝑧1. In Figure 2.5 this utility maximizing choice puts the household on their 
lowest bid curve that coincides with the hedonic price schedule which brings about the utility of 
𝑢1. If the level of amenity increases from 𝑧1𝑏 to 𝑧1𝑎 the price of the house will increase from 𝑃
𝑏 
to 𝑃𝑎. This is a benefit to the property owner as this indicates growth in his/her wealth, as the 
increase in the level of amenity results in an increase in the property’s price. If the occupant of 
the household is, however, not the owner of the property, this increase in the amenity will bring 
about a rise in the rental price of the property. This means that the individual renting the 
particular property will experience a decrease of utility from 𝑢1 to 𝑢0 due to the rental increase. 
If it is assumed that there are no moving costs then the best thing to do for the household would 
be to move to a different property with the same characteristics as their current property but 
which gives them their original level of utility 𝑢1 because the new property has not yet 
experienced the increased level in amenity quality. Therefore, under the assumption of costless 
moving it can be said that a localised amenity quality increase will have no impact on the welfare 
of households in the market (Day, 2001). 
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However, moving from one property to another may not be costless and it may involve 
significant transaction costs. These transaction costs increase the complexity of the analysis. 
Here the property occupants need to evaluate whether the transaction costs that are to be 
experienced if they go forward with the move are less than the benefits that they will experience 
at the new property. If the benefits are greater than the cost of moving then the household will 
choose to relocate to the new identical property and the net welfare effect will be the increase in 
wealth to the owner of the property minus the costs of moving experienced by the occupant 
(Palmquist, 1988; Day, 2001). If the costs of moving outweigh the benefits that will be gained 
from the move then the relocation costs will represent an upper bound on the welfare loss to the 
household (Palmquist, 1988; Day, 2001). As such, the household will decide to stay in the 
original property location because the loss in utility experienced by the household is less than the 
transactional costs that the household will experience in order to move. 
 
2.2.4 ESTIMATION OF THE HEDONIC PRICE FUNCTION 
The first stage of hedonic analysis (the estimation of the hedonic price function), requires the 
analyst to make certain choices. These choices include decisions regarding market specification, 
the choice of the dependent variable, the choice of the independent variables,time considerations, 
functional form considerations and how to deal with the issue of omitted variable bias. 
 
2.2.4.1 MARKET SPECIFICATION 
As stated earlier, the hedonic price schedule is a representation of the equilibrium price schedule 
of the market. It is therefore imperative that the data that is being used is from a single market 
(Palmquist, 2005). Statistical and econometric tests have given little aid with the determination 
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of market size. It is for this reason that researchers have had to rely on the theoretical 
considerations in order to aid in the outlining of the components of the market. 
 
Two conditions must be met if a market is to be considered segmented. Firstly, purchasers in one 
market cannot participate significantly in other markets. What this condition calls for is a form of 
barrier that limits the purchasing activity between markets. Secondly, the supply and demand 
structures must be different across all segments of the market. This means that either the demand 
structures are different for purchasers in different segments of the market or the characteristics of 
the housing are different (Palmquist, 2005). 
 
However, even with the existence of buyer immobility, the structures of hedonic prices will be 
the same if the demand structures and the supply structures are the same (Freeman, 1979). 
Freeman (1979) elaborates that if market segmentation does exist, but the area is treated as a 
single market, biased coefficient estimates may be yielded. 
 
Using the statistical approach, F-tests can be used in order to address the issue of market 
segmentation. F-tests are performed under the assumption that the equations are specified 
correctly. However, the theory of hedonics does not provide a guide as to how to correctly 
specify a hedonic equation. In the event that an F-test was performed and rejected the hedonic 
equations in two different locations could be used because they were two separate markets that 
were being tested or because the functional forms of the equations were inappropriate 
(Palmquist, 2005). F-tests will most likely always reject the combining of areas in hedonic 
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regressions and it is for this reason that it is recommended to consider only transactions that have 
occurred in a specific area (Palmquist, 2005). 
 
Another method of market segmentation clarification is the consultation of real estate experts. 
This approach was tested by Michaels and Smith (1990) who requested real estate experts to 
form a distinction between towns in a large metropolitan area into groups that were thought to be 
similar. Through the performance of statistical tests it was found that some of the segmentation 
was suitable (Michaels & Smith, 1990).   
 
Cities will always exhibit traits of market segmentation, and this makes the application of the 
hedonic price model more difficult. Separate hedonic price functions have to be estimated in the 
presence of segmented markets (Michaels & Smith, 1990).    
 
2.2.4.2 CHOICE OF THE DEPENDENT VARIABLE 
Most hedonic price research studies tend to use the sales prices of properties as the dependent 
variable and not rental prices of the properties (Palmquist, 2005). This brings about 
complications, the first one being that estimated welfare changes are normally expressed in 
annual flows. Care must be taken when converting the house prices measures into a suitable 
temporal dimension (Freeman, 2003). 
 
The other complication is the fact that it might be required to account for changes in house 
characteristics, especially environmental changes, when the estimation of the hedonic price 
function is performed. If a house is expected to experience an environmental upgrade then the 
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hedonic price function should be adjusted upwards in order to show the current state plus the 
expected improvement (Freeman, 2003). 
 
Another point to address is whether or not the dependent variable should reflect the price of both 
the land and the house together or if the dependent variable should only reflect the value of the 
land. Public good amenities are location specific but they, however, do not form part of the 
house structure. The public amenity values should therefore be reflected in the land only 
(Freeman, 2003).  However, even with these valid points, the norm for most property markets is 
to sell the land and the house structure as a single unit. Therefore, the sales prices are a reflection 
of both the land value and the value of the house structure. 
 
Another potential source of the dependent variable data are the house assessments that are 
provided by the owners of the property. This source is not necessarily a reliable one because of 
the degree of accuracy involved with owner estimates. This was addressed in a study which 
compared individual home owners’ estimates with the most recent sales price of the house (Kiel 
& Zabel, 1999). The study concluded that owners overestimated the values of properties by 5%. 
For this reason, the use of actual sales prices is recommended as the dependent variable. 
 
However, the utilization of actual sales prices also has its drawbacks, the main one being that the 
use of actual sales prices can result in a lack of usable data if sales do not occur on a regular 
basis. Moreover, there is the reality of distorted markets. Distorted markets are brought about by 
asymmetric information and are more prominent where real estate agents and lenders are 
dominant (Doss & Taff, 1996). Doss and Taff (1996) elaborate that real estate agents have an 
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influence on the market as they can affect the price listing of properties and affect the bidding 
strategies of buyers and lenders.  
 
2.2.4.3 CHOICE OF THE INDEPENDENT VARIABLES 
When specifying the hedonic price model, housing characteristics that are of importance to 
potential home owners should be included in the model. These characteristics can be classified 
into eight categories, namely;  
 construction and structure; 
 internal features; 
 external amenities; 
 natural environmental amenities; 
 neighbourhood and locational environmental amenities; 
 public service amenities; 
 marketing and occupancy; and 
 financial issues (Sirmans, Macpherson & Zietz 2005) 
 
The following table represents the eight categories along with the corresponding characteristics. 
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Table 2.2: Independent characteristics by category 
Category Characteristics 
1 Construction and structure 
 Erf size 
 House size 
 Age 
 Number of bathrooms 
 Number of bedrooms 
2 House internal features 
 Full baths 
 Half- baths 
 Fireplace 
 Air-conditioning 
 Hardwood floors 
 Basement 
3 House external amenities 
 Garage 
 Deck 
 Pool 
 Porch 
 Carport 
4 Natural environment amenities 
 Lake view 
 Lake front 
 Ocean view 
 “Good view” 
5 Neighbourhood and locational amenities 
 Crime 
 Distance 
 Golf course 
 Trees 
6 Public service environmental amenities 
 School district 
 Public sewer 
7 Marketing, occupancy and selling 
 Assessors quality 
 Assessed condition 
 Vacant 
 Owner-occupied 
 Time on the market 
8 Financial issues 
 Foreclosure 
 Property tax 
 
Source: Adapted from Sirmans et al. (2005) 
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Hedonic price schedules are usually driven by the availability of data. It is not always possible to 
include all of the characteristics in Table 2.2. As such, Table 2.3 presents the top twenty 
characteristics appearing most often in hedonic price studies. 
Table 2.3: Top twenty characteristics appearing most often in hedonic price models 
Variable Appearances No. of times 
positive 
No. of times 
negative 
No. of times 
insignificant  
Erf Size 52 45 0 7 
Ln Lot Size 12 9 0 3 
Square Metres  69 62 4 3 
Ln Square Metres 12 12 0 0 
Brick 13 9 0 4 
Age 78 7 63 8 
No. Stories 13 4 7 2 
No. Bathrooms 40 34 1 5 
No. Rooms 15 10 1 3 
Bedrooms 40 11 9 10 
Full Baths 37 31 1 5 
Fireplace 57 43 3 11 
Air-conditioning 37 34 1 2 
Basement 21 15 1 5 
Garage Space 61 48 0 13 
Deck 12 10 0 2 
Pool 31 27 0 4 
Distance 15 5 5 5 
Time on Market  18 1 8 9 
Time Trend 13 2 3 8 
 
Source: Adapted from Sirmans et al., (2005) 
Age appears the most in hedonic price research and it usually has a negative influence on the 
price of a property. Other common characteristics  used in hedonic modelling are house size, erf 
size, number of bathrooms, number of bedrooms, the presence of a fireplace, air-conditioning, 
garage and the presence of a swimming pool. The longer a house is on the market it is to be 
expected that the lower its sale price will be. This impliesthat time spent on the market variable 
will be expected to exhibit a negative sign (Sirmanset al., 2005). House prices can also be 
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influenced by their proximity to amenities. A distance measure can be utilized to calibrate the 
effect that these amenities will have on the property price. Such locational amenities include 
proximity to schools, golf courses, neighbourhood parks and shopping malls (Sirmans et al., 
2005). 
 
2.2.4.4 TIME CONSIDERATIONS 
If forward markets2 existed in property markets then the hedonic price function would be 
expected to show stability over time. However, because these forward markets do not exist, 
stability over time cannot be guaranteed in the property market (Palmquist, 1991). However, 
many hedonic studies require house price data from different time periods, especially if there are 
too few observations in a single time period. For this reason, it is often necessary to adjust sales 
prices to constant monetary values, using an appropriate index (Palmquist, 1991). 
 
2.2.4.5 FUNCTIONAL FORM 
Hedonic regression and the theory that supports it provides little assistance in the selection of the 
functional form for hedonic models. The selection of a functional form is of great importance as 
the functional form defines the manner in which attribute prices differ with attribute levels 
(Coulson, 2009). If a functional form is too restricted, then the model may exhibit poor 
estimation power (Henry, 1995). A competitive market implies the use of a linear model but it is 
rare that markets are truly competitive (Williams, 2008). Generally, researchers have used the 
goodness of fit test as a measure for the selection of functional forms in hedonic models 
                                                          
2 An over-the-counter marketplace at which a price is set for an asset that will delivered in the future(Britannica, 
2015). 
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(Williams, 2008). There are no theoretical remedies for choosing a correct functional form to be 
used in the hedonic price model. 
 
The measurement of attribute prices may vary with regard to the functional form that is used 
(Halvorsen & Pollakowski, 1981). The simplest functional form is the linear functional form. 
Other useful functional forms are the semi-log and the double-log functional form. There are 
more complex functional forms that can be used and they include the inverse semi-log, the 
exponential, the quadratic and Box-Cox transformation. The most suitable way for selecting a 
functional form must be in accordance with reliability of regression approximation (Halvorsen & 
Pollakowski, 1981). 
 
The three most commonly used functional forms in the hedonic price function are as follows:  
 Linear Functional Form 
𝑃 = ∝ +𝛽1𝑧1 + 𝛽2𝑧2+, … , 𝛽𝑛𝑧𝑛 + 𝜀                            2.15 
 
 Semi-log (linear-log) Functional Form 
𝑙𝑛𝑃 = ∝ +𝛽1𝑧1 + 𝛽2𝑧2+, … , 𝛽𝑛𝑧𝑛 + 𝜀                            2.16 
 
 Double-log Functional Form 
𝑙𝑛𝑃 = ∝ +𝛽 ln(𝑧1) + 𝛽2 ln(𝑧2) +, … , 𝛽𝑛 ln(𝑧𝑛) + 𝜀                             2.17 
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where: 
𝑃                                 = the actual sales prices. 
𝑙𝑛𝑃                             = the natural log of the actual sales price. 
𝑧𝑖 = (𝑧1, 𝑧2, … 𝑧𝑛)      = is a vector representing the ithcharacteristic of a house. 
∝                                = represents the constant of the regression. 
𝛽𝑖 = (𝛽1, 𝛽2, … , 𝛽𝑛)   = is a vector representing coefficient estimates of the housing attributes. 
𝜀                                 = the error term (Hill, Griffith & Lim, 2008). 
 
The interpretations of these three functions are different. In order to interpret the linear hedonic 
price function (Equation 2.15) the increase in price that is brought about by the increase in a 
characteristic is seen to be constant through all levels of the characteristic (Coulson, 2009).  The 
linear marginal implicit price is seen as equal to the regression coefficient of the respective 
characteristic of interest (Taylor, 2003). 
 
The semi-log (log-linear) functional form (Equation 2.16) stipulates that if the dependent 
variable is the natural log of actual sales, then a unit change in the coefficient estimate of a 
characteristic will result in a percentage increase in the price of the house (Coulson, 2009). Here, 
the marginal implicit price of an attribute is equal to the regression coefficient of the 
characteristic of interest when multiplied by the mean housing of the sample size used in the 
regression (Taylor, 2003). This functional form allows for the increase in characteristics to have 
constant effects on the change in percentage of house prices (Taylor, 2003). Therefore, resulting 
in a non-linear relationship on the price level of the house. 
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When interpreting the double-log hedonic function a certain percentage increase in price is due 
to a percentage increase in the characteristics that are under study. If a characteristic under study 
is equal to zero then this functional form is not possible (Coulson, 2009). When this occurs the 
variable is entered linearly (Coulson, 2009). This is also the remedy used when working with 
dummy variables. The marginal implicit price is obtained by multiplying the regression 
coefficient by the ratio of the mean house price in the sample size to the mean measure of the 
characteristic of interest (Coulson, 2009).  
 
These functional forms have been the most used functional forms but in recent times Box-Cox 
transformations have been used in order to determine the most appropriate functional form 
(Freeman, 2003; Williams, 2008). 
 
There are numerous Box-Cox transformations which can be used as the functional form for 
hedonic regressions. A basic Box-Cox transformation for a single variable for 𝑌(𝜆) is defined as 
below: 
 
𝛾𝜆 =
𝜆−1
𝜆
     for λ ≠ 0                                                                                                            
or                                                                                                                                           2.18 
𝛾(𝜆) = 𝑙𝑛𝛾        for λ = 0      
 
where: 
𝛾 > 0 
λ                 = Box-Cox transformation parameter. 
 43 
 
 
Dummy variables cannot be transformed as positive values are the only vales that can be 
transformed. 
When only the dependent variable is transformed, the left-hand Box-Cox model (lhBC) is used. 
This model is shown below: 
 
𝛾𝜆−1
𝜆
= 𝑎 + ∑ 𝛽𝑖𝑋𝑖 +
𝑘
𝑖=1 ∑ 𝛾𝑠𝐷𝑠
𝑗
𝑠=1 + 𝜀   for 𝜆 ≠ 0 
or                                                                                                                                            2.19 
𝑙𝑛𝑌 = 𝑎 + ∑ 𝛽𝑖𝑋𝑖
𝑘
𝑖=1 +  ∑ 𝛾𝑠𝐷𝑠
𝑗
𝑠=1 + 𝜀   for 𝜆 = 0 
 
The right-hand Box-Cox model (rhBC) transforms the continuous independent variables. 
Therefore, the dependent variable remains unaffected. The rhBC is as follows: 
 
𝛾 = 𝑎 + ∑ 𝛽𝑖
𝑋𝐼=1
𝜃 −1
𝜃
𝑘
𝑖=1 + ∑ 𝛾𝑠𝐷𝑠
𝑗
𝑠=1 + 𝜀   for 𝜃 ≠ 0 
or                                                                                                                                            2.20 
𝛾 = 𝑎 + ∑ 𝛽𝑖ln (𝑋𝑖)
𝑘
𝑖=1 +  ∑ 𝛾𝑠𝐷𝑠
𝑗
𝑠=1 + 𝜀   for 𝜃 = 0 
 
When dealing with a more complex version of the transformation, both sides of the equation 
which have different parameters will have to transformed. This is referred to as the unrestricted 
Box-Cox model (uBC). This transformation for non-zero values, with logarithms providing the 
transformation when λ is zero is seen below: 
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𝑌(𝜆)−1
𝜆
= 𝑎 + ∑ 𝛽𝑖
𝐾
𝑖=1
𝑋𝑖
𝜃−1
𝜃
+ ∑ 𝛾𝑠
𝐽
𝑠=1 𝐷𝑠 + 𝜀  for λ and 𝜃 ≠ 0                                             2.21 
 
where: 
λ                  =Box-Cox transformation parameter on dependent variable. 
𝜃                  = Box-Cox transformation parameter on independent variable. 
 
A restricted Box- Cox model (rBC) is used when both sides of the equation, not including the 
dummy variables, be transformed by the same parameter. In simple terms rBC =uBC with λ = 𝜃 
as a restriction.  This model is as follows: 
 
𝑌(𝜆)−1
𝜆
= 𝑎 + ∑ 𝛽𝑖
𝐾
𝑖=1
𝑋𝑖
𝜆−1
𝜃
+ ∑ 𝛾𝑠
𝐽
𝑠=1 𝐷𝑠 + 𝜀 for λ ≠ 0                                                          2.22 
or 
𝑙𝑛𝑌 = 𝑎 + ∑ 𝛽𝑖
𝐾
𝑖=1 𝑙𝑛𝑋𝑖 + ∑ 𝛾𝑠
𝐽
𝑠=1 𝐷𝑠 + 𝜀  for λ = 0                                                             2.23 
 
The statistical software that is used in these estimations employs an iterative process to select the 
Box-Cox parameter values with the best fit using maximum likelihood. Numerous functional 
forms are accommodated by the Box-Cox transformation, for example, linear, log-log and semi-
log forms (Williams, 2008). Box-Cox regression can be used to test the suitability of functional 
forms but also as functional form itself (Williams, 2008). For example if a Box-Cox regression 
returns values of zero for both λ and 𝜃 then it deduced that the best functional form is the log-
log. However, if the Box-Cox regression rejects all the parameter values that are associated with 
standard functional forms then the values the regression has returned can still be used as another 
form. Box-Cox transformations as functional forms have also proven to be useful. It was shown 
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that a linear Box-Cox function outperformed linear, semi-log, quadratic, log-log and quadratic 
Box-Cox functions (Cropper, Deck, and McConnell, 1988). Cropper et al (1988) went on to 
show that a linear Box-Cox functional form was more accurate in the estimation of marginal 
attribute prices even in the existence of a specification error. The quadratic Box-Cox form, 
however, also proved to be a good fit but would be biased if there was a specification error. 
 
Table 2.4 provides a summary of what the Box-Cox functional form model represents. 
Table 2.4: Possible Box-Cox functional forms 
Box-Cox model Transformation 
Parameter Value (𝝀) 
Functional Form  
rhBC 𝜆 = 1 Linear 
𝜆 = 0 Log-log 
𝜆 = 𝜃 Unrestricted Box-Cox 
lhBC 𝜆 = 0 Left side-semi-log 
𝜆 = 1 Linear 
𝜃 = 1 Right side-semi-log 
rhBC 𝜃 = 1 Linear 
𝜃 = 0 Right side semi-log 
𝜃 = −1 Reciprocal 
𝜆 = 1 Unrestricted Box-Cox 
 
Source: Adapted from Williams (2008) 
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If all the parameter values are rejected by the Box-Cox regression when using the standard 
functional forms, the Box-Cox regression can be used as a functional form itself (Williams, 
2008). 
 
2.2.4.6 OMITTED VARIABLE BIAS 
Another issue that may need to be addressed in hedonic price studies is the issue of omitted 
variable bias. 
 
There are some procedures that have been put in place since the inception and use of the hedonic 
price model in order to combat this problem. Cropper, Deck and McConnell (1988) investigated 
a model that brought about a hedonic balance in order to estimate welfare for marginal changes 
of characteristics. It was found that traditional functional forms (linear, semi-log, double-log) 
performed well in the presence of omitted variables and more flexible functional forms were 
preferred when all the variables were present in the model. For this reason the vast majority of 
hedonic price studies make use of standard functional forms. However, it does not solve the 
omitted variable bias problem altogether.  
 
The presence of unobserved variables that occur over and above the individual property 
characteristics has been a cause for concern in research studies. These include neighbourhood 
characteristics which are almost always in relation to the amenities that properties in that specific 
neighbourhood will experience (Palmquist, 1992).  These neighbourhood characteristics are 
normally difficult to define or measure (Palmquist, 1992). 
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Other remedies that are used with regard to this problem is the use of “spatial fixed effects” 
which involves the use of large sample sizes and datasets that have better spatial resolution. This 
solution is based on numerous core assumptions on the appropriate spatial scales of analysis. 
Another common method is the substitution of the omitted variables which involves giving the 
variables a proxy (Palmquist, 1992). 
 
2.2.4.7 ECONOMETRIC ISSUES 
The hedonic price model assists when attempting to estimate the marginal implicit prices of 
characteristics that are connected with a differentiated good. However, the use of the hedonic 
price model is usually affected by two econometric issues, specifically multicollinearity and 
heteroskedasticity. 
 
2.2.4.7.1 MULTICOLLINEARITY 
Multicollinearity has proven to be a problem with regard to hedonic price models (Berndt 1991; 
Wooldridge 1999; Gujarati 1995). As such, it imposes a certain difficulty when performing 
hedonic studies. Multicollinearity is the high correlation between explanatory variables and it 
occurs when there is a statistical dependency within the variables in a regression (Berndt, 1991). 
It is evident from the definition that the presence of multicollinearity can diminish the usefulness 
of the hedonic variables that were chosen for investigation (Berndt, 1991).  
 
However, it should be noted that there are degrees of multicollinearity. It cannot be classified 
that a model either has or has no multicollinearity (Gujarati, 1995). It is the job of the researcher 
to determine if the degree of multicollinearity is sufficient enough to affect the results of the 
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experiment and certain tests can disclose whether multicollinearity is high or low (Gujarati, 
1995).  
 
It has been suggested that variables that are to be selected for research be those that are not 
highly correlated. However, this solution can create separate issues, namely omitted variable 
bias. Atkinson and Crocker (1987) found, using Bayesian techniques, that housing characteristics 
such as number of rooms, number of bathrooms and house size exhibit high correlation due to 
their fixed sizes in housing construction. This may lead to biased measurements and coefficient 
instability. Although there have not been any cemented ways of approach when dealing with 
multicollinearity, the use of Bayesian techniques has proven to be helpful (Atkinson & Crocker, 
1987). 
 
2.2.4.7.2 HETEROSKEDASTICITY 
The problem of heteroskedasticity has always been a constant threat throughout the estimation of 
hedonic house prices (Fletcher, Gallmore & Mangan, 2000). There are a large number of 
variables that are involved in the estimation of house values using the hedonic price model, as 
such it is possible that any of the variables could contribute to the presence of heteroskedasticity 
(Goodman and Thibodeau, 1995).  The heteroskedasticity found in regression models can be 
attributed to asymmetric variation of the error term about the regression line, that is, when the 
variance of the error term is not constant (Gujarati, 2003). This results in each residual term 
being drawn from distributions that are not the same (Stevenson, 2004). 
 
 49 
 
Goodman and Thibodeau (1995) further elaborate that the presence of heteroskedasticity might 
be due to errors that occur in specification. For example, housing is classified as a long-lived 
durable good which depreciates with time, requires continuous maintenance and may even 
undergo renovations. Therefore, it is assumed that the older a house is the more renovation it has 
undergone. House age is seen as one of the biggest factors contributing to the presence of 
heteroskedasticity because the margin of errors in specification are more likely to increase the 
older a house is (Goodman and Thibodeau, 1995). 
 
When applying the hedonic price model to the housing market, homoskedasticity is one of the 
assumptions that the ordinary least squares (OLS) method of estimation is based on (Stevenson, 
2004). This assumption states that for certain independent characteristics the variance of the error 
(𝑈) is constant. If this assumption is not adhered to then this may yield incorrect coefficient 
estimates (Stevenson, 2004). 
 
Two popular methods have been used to deal with heteroskedasticity. These are the use of robust 
standard errors and the use of weighted least squares (WLS) (Stevenson, 2004). 
 
 In order to combat this problem many studies have resorted to using the semi-logarithmic 
formulation which involves the disturbance variances with respect to prices to be constant 
(Snowdon, 1991). This functional form has been shown to remove heteroskedasticity in some 
cases as the disturbance variances are not viewed as absolute terms. Moreover, the collection of a 
large data set which consists of multiple variables could help in removing the presence of 
heteroskedasticity as the hedonic price model will be more detailed (Fletcher et al., 1999). 
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However, it has been shown that using the robust standard error method is the most reliable as it 
satisfies one or both the assumptions of homoscedasticity (Hill et al., 2008). This method does 
not change the coefficient estimates only the standard errors and the t-statistics change (Hill et 
al., 2008).  
 
2.2.5 ESTIMATING THE DEMAND CURVE 
The estimation of preferences and demand functions for a housing characteristic is normally 
done in two steps. Firstly, marginal implicit prices are calculated and secondly, the marginal 
implicit prices obtained in the first step are combined with data on the quantities of the 
characteristics and the socio-economic data of the consumers in order to estimate the demand 
curve (Rosen, 1974). There have been identification and endogeneity difficulties throughout 
research studies that have arisen when performing the second step in hedonic price models with 
regard to estimating the hedonic parameters that are to be set (Bartik, 1987).  This is attributed to 
the fact that consumers that have a high propensity for a certain characteristic will purchase 
bundles that contain large amounts of the characteristic that is preferred (Brown & Rosen, 1982; 
Epple, 1987).  These problems may bring about biased results in the second stage which will not 
be a true reflection of the market. Due to these issues, many researchers abandon the second 
stage and concentrate solely on the hedonic price function.  
 
The identification problem and endogeneity are elaborated as follows. 
 
 
 51 
 
2.2.5.1 IDENTIFICATION 
This problem is said to be caused by the simultaneous interaction between supply and demand 
(Rosen 1974; Freeman 1979). Rosen (1974) termed this occurrence a ‘garden variety 
identification problem.’ Varying marginal implicit prices can be found within a single market 
when using a non-linear hedonic price function making it possible to determine the demand and 
supply functions for a characteristic. When in equilibrium in the housing market, one data point 
is yielded with a chosen house, with a certain number of characteristics and a certain marginal 
implicit price. However, in reality there is an endless amount of marginal bid functions (for 
example, 𝜃𝑧12 , 𝜃𝑧11) that could go through the one equilibrium point E (see Figure 2.6). Therefore, 
more information is required in order to identify the consumer’s demand function (Palmquist, 
2005). 
𝜃𝑧1
2
 
 𝜃𝑧1
2
 
Marginal 
Implicit price E 
Of 𝑧1       Marginal implicit price function (𝑃𝑧1) 
 
 
 
Quantity of characteristic 𝑧1 
Figure 2.6: Demand Identification with the hedonic price function 
Source: Palmquist (1991) 
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The problem of identification in hedonics was first discovered by Brown and Rosen (1982) using 
the quadratic hedonic price schedule in the characteristics. The marginal bids were also thought 
to be linear in the characteristics. Thus, when calculating the quadratic hedonic price function, 
the marginal price yielded would be linear in the characteristics. Brown and Rosen (1982) 
elaborated that when trying to describe the marginal prices with quantities of characteristics and 
socio-economic data, the latter explain nothing more and simply mirror the hedonic price 
equation information. This makes the demand curve unidentifiable (Epple, 1987). 
 
The multi-market approach is the most commonly accepted method of dealing with the 
identification issue. This approach focuses on the segmentation of markets (Brown and Rosen 
1982; Epple 1987; Kahn and Lang 1988). Here, separate hedonic functions are estimated for 
each housing market using the same criteria. The marginal implicit price experienced by every 
individual in each market is calculated from the different hedonic price functions and lastly the 
calculated marginal implicit prices are used to obtain the uncompensated bid function. A 
problem encountered with this approach is that it requires preferences, technology and tastes to 
be identical across the market which is logically inconsistent (Thewys & Clauw, 2003). 
 
2.2.5.2 ENDOGENEITY 
This second stage estimation problem arises when the hedonic price function is non-linear 
(Palmquist, 2005). The marginal implicit price of house characteristics will not always be 
constant when working with hedonic markets. When this occurs prices and quantities of 
characteristics in the hedonic price schedule will be endogenous in the demand equations 
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(Palmquist 2005). Therefore, when determining the demand function the quantities and the prices 
will be correlated to the error term and as such the least squares estimate will prove to be biased.  
Endogeneity is brought about due to numerous factors, some of which are because of 
measurement error, auto regression with auto correlated errors, simultaneity, omitted variables 
and errors in the sample selection (Kuminoff, Parmeter & Pope, 2010).If there was full 
information of the maximum likelihood estimation for the whole system as well as the hedonic 
price function and the assumptions made about the distribution of the error were available for use 
then endogeneity could easily be remedied (Palmquist, 2005).  
 
If endogeneity is found then it will have to be dealt with. To do so an instrument has to be 
introduced. The instrument has to satisfy the following criteria: 
 It must be uncorrelated with the error (orthogonality condition). 
 It must be correlated with the endogenous variable (relevance condition). 
 It must provide more information (uniqueness condition) (Palmquist, 2005). 
The decision as to which instrument to use is not a simple one. There are tests which assist with 
determining if the above criteria are met and the test for orthogonality is one of them. However, 
the use of these tests could bring about pre-test estimator problems. It is for this reason that 
economic theory is viewed as the best indicator as to which instrument must be used. Popular 
instruments that are used include socio-economic variables such as number of children and race 
(Palmquist, 2005). The obtaining of these socio-economic variables may bring about error and 
they not easy to obtain increasing the difficulty of this as an instrument.The best suited 
instrument to remedy endogeneity should modify the hedonic price function (Palmquist, 2005).  
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There are three main approaches that aim to assist in the choosing of an instrument. Firstly, the 
researcher has to find variables that are not related to the errors but are still related with hedonic 
prices in order for the instrument to be useful in combating endogeneity. The second approach is 
to make use of the non-linearities that are already in existence in hedonic price and marginal 
benefit relations to find the models by transforming the variables. The last approach is to use 
other variables which take place in structural equations to help find instruments that will estimate 
hedonic prices correctly (Palmquist, 2005).  
 
However, there are weak instruments that will not fully deal with the endogeneity problem but 
appease the situation. In the case of weak instruments it is suggested that no instrument be used 
at all (Nakamura & Nakamura, 1998).  
 
As previously mentioned, due to the issues of identification and endogeneity, many researchers 
have abandoned the second stage of the hedonic estimation and concentrate solely on the hedonic 
price equation (Haab & McConnell, 2002). 
 
2.3     DISCRETE CHOICE MODELS 
An alternative to the hedonic approach lies in discrete choices. 
Discrete choice models are models in which decision makers choose among a set of alternatives. 
In order to fit into the category of discrete choice models the following characteristics have to be 
present: 
 Alternatives must be mutually exclusive; 
 55 
 
 Alternatives must be exhaustive; and  
 The number of alternatives must be finite (Quigley, 1976; Chattopadhay, 2000). 
There are two main types of discrete choice models that have been used in the analysis of 
property markets, namely the random utility model and the random bidding model. The random 
utility model will be discussed in further detail below.  
 
2.3.1 THE RANDOM UTILTY MODEL 
The random utility model is a model whereby the potential buyer of a property views the 
characteristics, and uses the characteristics to help in deciding which property they will buy 
based on their preferences (Palmquist & Israngkura, 1999). It is usually used in the sales of 
frequently purchased goods. This decision to purchase a particular property based on the 
characteristics is discrete. The potential homeowner chooses the good that will maximize his/her 
utility (Palmquist, 2005; Haab & McConnell, 2003). 
 
As with other models the random utility model has certain assumptions to which it must adhere. 
The first one being that the choice that is made is a discrete event as opposed to a continuous 
event. This means that a potential homeowner can only ever purchase one property with their 
most desired characteristics and cannot purchase 0.4 of one property and 0.6 of another property 
because one property does not have all the characteristics desired by the buyer. Secondly, the 
attraction or utility for a property is different for different individuals. This is because different 
people want different things in their potential properties. For example, some may want a double 
door garage whilst others may want a swimming pool. These potential home owners will not 
want the same characteristics from a property and as such will show a form of attraction to 
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properties with their desired characteristics. The last assumption is that the consumer is thought 
to choose a property which has the highest quality, that is, the consumer is considered to be an 
economically rational being (Palmquist & Israngkura, 1999; Haab & McConnell, 2003; 
Palmquist, 2005). 
 
It is important to note that not all of the information is observed when a decision is made and, as 
such, the utility function of the model will have random errors. 
 
In this model it is assumed that a consumer is thought to make a discrete choice between 𝑘 
number of houses. The consumer is thought to have full information about the characteristics of 
all the houses that are relevant to them and the form of utility derived. The utility that will be 
gained when purchasing a house, 𝑗, is shown below in the form of an indirect utility function. 
 
𝑉𝑖𝑗 = 𝑉(𝑧𝑖𝑗)                            2.24 
where: 
𝑧𝑖𝑗                = a vector of attributes for house 𝑗. 
 
The consumer will then choose a house that would yield the highest level utility amongst the 𝑘 
houses where 𝑘 = (1,2, … , 𝑛). The utility can be divided into two parts, the observable amount 
(known to the researcher), 𝑉𝑖𝑗, and the unobservable amount (unknown to the researcher), 𝜀𝑖𝑗.  
The observable amount is given by: 
 
𝑉𝑖𝑗 = 𝑉(𝑧𝑖𝑗) + 𝜀𝑖𝑗                            2.25 
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This model may be specified in terms of a conditional logit model. This model assumes that 𝜀𝑖𝑗 
is identically distributed as Type I extreme value. The probability, 𝑃𝑟𝑖(𝑗), that a individual,𝑖, 
chooses house 𝑗, out of the option of 𝑛 houses is shown below: 
 
𝑃𝑟𝑖(𝑗) = exp(𝑉𝑖𝑗) / ∑ exp (𝑉𝑖𝑗)
𝑛
𝑗=1                             2.26 
where: 
exp (. )             = the antilog function. 
 
This, however, imposes the condition of independence of irrelevant alternatives. This states that 
the probability of choosing between any two alternatives is unaffected due to the introduction or 
removal of other options.  
 
In order to make the conditional logit model empirically cooperative, McFadden’s (1978) 
sampling rate can be adhered to. This rate states that the researcher may randomly select a small 
subset of dwelling from a large number of alternatives for each consumer. The subset will thus 
contain the chosen dwelling and a small number of alternatives not chosen. 
 
2.4     CONCLUSION 
This chapter discussed two models that are commonly used for property valuation studies. 
However, the focus of Chapter Two was on the theory of the hedonic price model and it has been 
shown that this model is well established in the literature. An alternative model, namely the 
random utility model of discrete choice was also discussed. Although this model is less 
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frequently applied as a property valuation method, it has been used by researchers as a tool to 
check the validity of hedonic results. 
 
Most of the international studies that investigate the impact of shopping malls on adjacent 
property prices have utilized the hedonic price model. 
 
The following chapter will focus on international studies that have been conducted using the 
hedonic price model taking into consideration shopping malls and other commercial land uses 
and their resultant effects on property prices for residential homes in close proximity to them. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 59 
 
CHAPTER THREE: A REVIEW OF THE INTERNATIONAL LITERATURE 
 
3.1     INTRODUCTION 
As stated previously, the proximity of housing to localised land uses can either attract or 
discourage potential home owners due to various reasons (Pope, 2006). There have been 
numerous studies that have been carried out by researchers in order to ascertain whether the 
proximity of houses to amenities has a direct effect on the sale price of said housing (Colwell, 
Gujral & Coley, 1985; Des Rosiers, Lagana, Theriault & Beaudoin, 1996; Addae-Dappah and 
Lan, 2010; Laposa and Mueller, 2010; Pope and Pope, 2012; Seago, 2014). Chapter Three 
presents a review of these six studies. Five of these studies, the studies by Colwellet al., (1985), 
Des Rosiers et al., (1996), Addae-Dappah and Lan (2010), Pope and Pope (2012) and Seago 
(2014)examine the effect of shopping malls on surrounding property prices. The sixth study, the 
study by Laposa and Mueller (2010), examines the announcement effect of a proposed wind 
farm on adjacent property prices. The rationale for including this study in Chapter Three is to 
examine the methodology of incorporating an “announcement dummy” variable in hedonic 
studies. 
 
 3.2   COLWELL, GUJRAL AND COLEY (1985) STUDY 
In this study Colwell et al. (1985) attempted to determine the effect that neighbourhood shopping 
malls have on the values of properties that are in close proximity to the shopping malls. The 
authors hypothesised that the continuous emergence of shopping malls would have a significant 
impact on surrounding property prices as much as any of the other predetermined locational 
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factors which include the proximity to schools and parks, access to transport, and the presence of 
industrial activity (Colwell et al., 1985). 
 
Much like other locational factors that contribute to the value of properties, the researchers found 
that shopping malls bring about many services but they also bring with them some form of 
disamenity. As such, the surge in neighbourhood shopping malls has not been met with optimism 
from property owners that are in close proximity to the shopping mall. However, because of the 
continued rise in costs of transport, property owners have become more agreeable to them 
(Colwell et al., 1985). 
 
The shopping mall that was used to determine whether the presence of shopping malls had a 
significant effect on the residential properties that surround the mall is located in Urbana, 
Illinois, USA. The shopping mall, Southgate Mall, is typically regarded as a small 
neighbourhood mall with the area of 252 000 square feet and comprises five retail stores and a 
grocery store. 
 
In order to analyse the price effect of the mall, a hedonic regression model was used. This model 
was developed to determine the announcement effect the mall had on surrounding property 
prices. Multiple functional forms were employed, namely linear, semi-log, exponential, log-
linear, inverse and inverse-inverse (Colwell et al., 1985). 
 
The data that were used in this research were obtained from 43 residential properties which were 
sold from 1976 to 1982. The selling prices and the individual characteristics of the sampled 
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houses were all obtained from the County Multiple Listing Service. The critical date in the study 
was June 171979 as this was the date when the public were officially informed about the project. 
Construction of the mall began in 1981 and the first tenants moved in during September 1982 
(Colwell et al., 1985). 
The model that was used to determine the relationship between Southgate Mall and property 
values is shown below: 
 
𝑆𝑃𝑖 = 𝑓(𝑋1𝑖, 𝑋2𝑖, … . , 𝑋8𝑖)   3.1 
 
where: 
𝑆𝑃𝑖 = the selling price of the ith property. 
𝑋1𝑖 = number of bathrooms in the ith property. 
𝑋2𝑖 = living area (sq.ft) of the ith property. 
𝑋3𝑖 = number of fireplaces in the ith property. 
𝑋4𝑖 = lot area (sq.ft) of the ith property. 
𝑋5𝑖 = the sale month of the ith property from 0 to 46. 
𝑋6𝑖 = distance of the ith property to Southgate times (1-𝑋8). 
𝑋7𝑖 = distance to Southgate times 𝑋8. 
𝑋8𝑖 = announcement dummy: 0 = if property was sold before the critical date 
and 1 = if property was sold after the critical date (Colwell et al., 1985). 
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The first four variables pertain to the sampled houses and their characteristics whilst the fifth 
variable accounts for the month of sale. The last three variables account for the announcement 
effect on the property values that surround the mall.  
 
It was hypothesized that the first four variables would yield positive coefficients showing that an 
increase in any of the four variables would increase the selling price of the ith property, ceteris 
paribus. The variables 𝑋6, 𝑋7and 𝑋8 are included in the model so as to determine the effect that 
the announcement of the mall had on adjacent property prices. 𝑋6 measured the distance effect 
before the announcement of the construction of the mall. 𝑋7 measured the distance effect after 
the announcement of construction of the mall. The last variable, 𝑋8, measured the effect that the 
announcement had on adjacent property prices. The coefficient on 𝑋6 was hypothesized to be 
zero. This is because before the announcement the distance from the proposed Southgate Mall 
site was not expected to affect property prices. 𝑋7 was hypothesized to have a positive 
coefficient because property prices were expected to increase as distance from the mall 
increased. 𝑋8 was thought to have a negative coefficient centred on the fact that the mall may 
have a repulsion effect which was expected to reduce the values of properties in close proximity 
to Southgate (Colwell et al., 1985). 
 
The regression results showed that the log-linear model provided the best fit for the data. It also 
showed that most of what was hypothesized was correct. The first four variables exhibited 
positive coefficients. However, the main interest was on the last three variables. 𝑋6 (distance to 
Southgate before announcement variable) showed that there was a possible decrease in the 
selling price of a property the further the property was situated from Southgate. This was 
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attributed to the fact that the Southgate location may have had some amenity value prior to the 
announcement of the construction of the mall. The distance to Southgate after announcement 
variable, 𝑋7, was statistically significant in the determination of the selling price. The regression 
results showed that property values increased as the distance from Southgate increased (the sign 
on this coefficient was positive). The after announcement price effect variable, 𝑋8, had a 
statistically significant negative sign in all the models. This confirmed the authors’ hypothesis 
that, in this case, the repulsion effects were greater than the convenience effects. 
 
The study concluded that the announcement of the construction of the mall had a negative effect 
on the residential properties that are in close proximity to Southgate (Colwell et al., 1985).  
 
3.3    DES ROSIERS, LAGANA, THERIAULT AND BEAUDOIN (1996) STUDY 
Des Rosiers, Lagana, Theriault and Beaudoin (1996)examined the impact that the erection of a 
shopping mall or the continued existence of a mall had on adjacent properties. The study also 
incorporated the size of the mall in the analysis.This study hypothesized that a shopping mall 
brings about attraction effects as well as repulsion effects which have an impact on the 
desirability to purchase residential property within the vicinity of the mall. The attraction aspect 
stems from a place of convenience which is gained from easy access to shops, various sources of 
entertainment and the significantly reduced travel costs that will be incurred by residents. The 
repulsion aspect stems from negative externalities such as noise and congestion which are 
normally generated in residential areas that are in close proximity to shopping malls (Des Rosiers 
et al., 1996). The study employed the hedonic price method. Themalls in this research were 
categorized into three groups based on their size. “First, was the neighbourhood mall (1 to 42 
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shops), second was the community mall (44 to 90 shops) and lastly there was the regional mall 
(101 to 476 shops)” (Des Rosiers et al., 1996). The number of shops was used as a measurement 
of how large the mall was and not the square footage of the gross lettable area (GLA).  This 
research analysed over 4000 owner occupied detached homes in Quebec, Canada whose sales 
transactions took place from January 1990 to December 1991. Numerous models, namely the 
linear, semi-log, log-linear and quadratic functional forms were used but it was found that the 
log-linear and the inverse model produced the best fit for the data (Des Rosiers et al., 1996). A 
positive relationship was discovered between the presence of a shopping mall and adjacent 
residential property prices. This means that the presence of a shopping mall, in this case, exerted 
a positive effect on surrounding property values. In this study, it appeared that the attraction 
aspect outweighed the repulsion aspect. 
 
3.4    ADDAE-DAPPAH AND LAN (2010) STUDY 
Addae-Dappah and Lan (2010) also examined the connection between the proximity to shopping 
malls and neighbouring residential property prices. In this research a mall is viewed as an 
externality which can either attract or detract potential home owners when contemplating 
whether to buy a property. This attraction aspect comes into effect when a potential homeowner 
is looking into factors such as convenience and reduced travel costs. It however becomes a 
negative externality when considering that a residential property that is in close proximity to a 
mall reduces tranquillity. The main aims of the study were to: 
1) evaluate the size and directional effect that neighbourhood malls have on the prices of 
residential properties in their vicinity, and 
2) determine the comparative impact that the type of mall has on residential property prices. 
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Three hypotheses were tested in the study. Firstly, properties that are near tomalls command a 
premium. Secondly, the value of a property will decrease when moving further away from 
shopping malls. Finally, “the premium that is paid for a property that is the same distance from a 
town centre with a shopping mall is higher than a premium that is paid for property that is the 
same distance from a town centre with no shopping mall” (Addae-Dappah and Lan, 2010). 
In order to test these hypotheses, a hedonic analysis was performed on 8600 transactions of 
residential properties that were situated close enough to a shopping mall to warrant a premium in 
their price.  
 
The regression equation that was used in this study was specified as follows: 
𝐿𝑛(𝑃𝑟𝑖𝑐𝑒) =  𝛼 + 𝛽1(𝐿𝑒𝑣𝑒𝑙) + 𝛽2(𝑇𝑦𝑝𝑒) + 𝛽3𝐿𝑛(𝐴𝑔𝑒) + 𝛽4𝐿𝑛(𝐴𝑟𝑒𝑎) + 𝛽5(𝑆𝑐ℎ) +
𝛽6(𝑃𝑎𝑟𝑘) + 𝛽7(𝑆𝑒𝑎) + 𝛽8(𝑊𝑜𝑟𝑠ℎ𝑖𝑝) + 𝛽9(𝑂𝑓𝑓𝑖𝑐𝑒) + 𝛽10(𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙) + 𝛽11(𝑀𝑅𝑇) +
𝛽12(𝐵𝑢𝑠) + 𝛽13(𝑆𝑝𝑜𝑟𝑡𝑠) + 𝛽14(𝐿𝑖𝑏𝑟𝑎𝑟𝑦) + 𝛽15(𝐶𝐶) + 𝛽16 (
𝑀𝑎𝑟𝑘𝑒𝑡
𝐹𝐶
) + 𝛽17(𝑀𝑒𝑑𝑖𝑐𝑎𝑙) +
𝛽18(𝑃𝑜𝑙𝑖𝑐𝑒) + 𝛽19𝐿𝑛(𝐷𝑖𝑠𝑡𝑆ℎ𝑜𝑝) + 𝛽20𝐿𝑛(𝐼𝑛𝑑𝑒𝑥) + 𝜀𝑖                                                            3.2 
 
where: 
𝛼= intercept. 
𝛽1, … . , 𝛽_𝑛      = regression coefficients. 
𝐿𝑒𝑣𝑒𝑙             = the floor level of the housing block. 
𝑇𝑦𝑝𝑒              = the type of public housing. 
 𝐴𝑔𝑒= the age of the house. 
𝐴𝑟𝑒𝑎= the area of the house. 
𝑆𝑐ℎ= the proximity to a school. 
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𝑃𝑎𝑟𝑘               = the proximity to a park. 
𝑆𝑒𝑎= the proximity to the sea. 
𝑊𝑜𝑟𝑠ℎ𝑖𝑝= the proximity to a church. 
𝑂𝑓𝑓𝑖𝑐𝑒           = the proximity to an office block. 
𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙= the proximity to industrial buildings. 
𝑀𝑅𝑇              = the proximity to metro rail transport. 
𝐵𝑢𝑠= the proximity to bus interchanges. 
𝑆𝑝𝑜𝑟𝑡𝑠           = the proximity to a sports recreational centre. 
𝐿𝑖𝑏𝑟𝑎𝑟𝑦         = the proximity to a library. 
𝐶𝐶 = the proximity to a community centre. 
𝑀𝑎𝑟𝑘𝑒𝑡
𝐹𝐶
             = the proximity to a market. 
𝑀𝑒𝑑𝑖𝑐𝑎𝑙         = the proximity to medical assistance. 
𝑃𝑜𝑙𝑖𝑐𝑒             = the proximity to a police station. 
𝐷𝑖𝑠𝑡𝑆ℎ𝑜𝑝        = the proximity of the mall. 
𝐼𝑛𝑑𝑒𝑥              = the housing index. 
𝜀   = error term. 
 
The study found that proximity to a shopping mall brought about both negative and positive 
externalities. The hedonic analysis of the transactions revealed that properties situated in close 
proximity to the shopping mall experienced an average premium of 4.7%.It was also found that 
“properties that were the same distance from the town centre with a shopping mall in it were 
more attractive than properties that were the same distance from the town centre with no 
shopping mall” (Addae-Dappah and Lan, 2010). 
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3.5    LAPOSA AND MUELLER (2010) STUDY 
This study, although it did not focus on shopping malls, employed the same approach of using an 
announcement variable in the analysis of the data. As previously mentioned,the rationale for 
including this study in Chapter Three is to examine the methodology of incorporating an 
“announcement dummy” variable in hedonic studies. Laposa and Mueller (2010) attempted to 
analyse the announcement effect of a possible wind farm on the prices of adjacent rural property 
prices.  
 
The Colorado State University (CSU) in March of 2007 announced their plans to build a wind 
farm on Maxwell Ranch in Northern Colorado.  Homeowners adjacent to the proposed wind 
farm were greatly concerned about the possible impact that the wind farm would have on their 
property values. With emerging government policies that aim to increase innovation and the 
development of the economy it is difficult to ignore the impact, direct or indirect, that the 
implementation of these policies will have on the real estate sector. Although these policies are 
meant to bring about positive changes in the economy, negative spill over effects can also occur. 
More specifically, industrial projects normally bring with them negative impacts on the visual 
aspect of the scenery, an increase in noise and just a general disturbance during construction 
(Laposa and Mueller, 2010). 
 
This study used a hedonic price model using the sales of single-family homes in two rural census 
tracts that were in close proximity to the proposed wind farm. The hedonic price model was used 
to test if the March 2007 announcement of the proposed wind farm had a significant impact on 
the prices of the homes adjacent to the proposed farm. 
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The sales data of the residential properties that were adjacent to the proposed wind farm were 
collected from Colorado State University’s Everitt Real estate Center’s database. The data 
collected dated from January 1, 2000 to December 31, 2008.   
 
As this analysis involved the comparison of sale prices of different counties it was important to 
see the sales price pattern of residential properties in the different counties before and after the 
announcement. An analysis of the pattern showed that as the residential property prices of 
Larimer County were dropping in 2001 due to the recession. However, residential property 
prices in Maxwell Ranch were still increasing. This increase peaked in 2006 and declined all the 
way through 2009. The problem experienced was differentiating between the announcement 
effect and the contagion affecting home price devaluations. 2910 observations were collected 
and used in the analysis. “The majority (83%) of residential sales from January 2000 to 
December 2008 were prior to the announcement of the Maxwell Ranch wind farm and 17% of all 
sales transactions occurring in the Maxwell Ranch census tract after the announcement”  (Laposa 
and Mueller, 2010). 
 
This study was focused on the announcement effect and, thus,an announcement dummy was 
incorporated in the models. The hedonic equation was specified as follows: 
𝐿𝑛(𝑠𝑜𝑙𝑑 𝑝𝑟𝑖𝑐𝑒) = 𝑎 + 𝛽0(𝑙𝑛𝑠𝑞𝑓𝑡) + 𝛽1(𝑏𝑑𝑟𝑚) + 𝛽2(𝑔𝑟𝑔𝑠𝑝𝑎𝑐𝑒) + 𝛽3(𝑎𝑐𝑟𝑒𝑠) + 𝛽4(𝑑𝑜𝑚) +
  𝛽5(𝑓𝑢𝑙𝑙𝑏𝑎𝑡ℎ) + 𝛽6(ℎ𝑎𝑙𝑓𝑏𝑎𝑡ℎ) + 𝛽7 (
3
4
𝑏𝑎𝑡ℎ) + 𝛽8(𝑎𝑔𝑒) +    𝛽9(𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒) + 𝜀              3.3 
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where: 
𝑙𝑛𝑠𝑞𝑓𝑡                  = log square foot of single family unit. 
𝑏𝑑𝑟𝑚                    = number of bedrooms. 
𝑔𝑟𝑔𝑠𝑝𝑎𝑐𝑒𝑠           = number of garage spaces. 
𝑎𝑐𝑟𝑒𝑠                    = number of acres. 
𝑑𝑜𝑚                      = days on market. 
𝑓𝑢𝑙𝑙𝑏𝑎𝑡ℎ              = number of full baths. 
ℎ𝑎𝑙𝑓𝑏𝑎𝑡ℎ𝑠           = number of half baths. 
 3
4
𝑏𝑎𝑡ℎ                   = number of three-quarter baths. 
𝑎𝑔𝑒                      = age of property structure in years. 
𝑎𝑛𝑛𝑜𝑢𝑛𝑐𝑒            = Sold after March 2007 = 1, else = 0. 
 
An analysis of the results revealed a model with a relatively high explanatory power (adjusted 𝑅2 
of 0.689). The variable of interest (the announcement dummy) had a coefficient of -0.022, 
indicating that the proposed wind farm exerted a negative effect on surrounding property prices. 
However, the authors indicated that this may have been due to the recession and not solely due to 
the impact of the proposed wind farm. 
 
3.6    POPE AND POPE (2012) STUDY 
This study by Pope and Pope (2012) focused on the effect of the opening of a Walmart in a 
neighbourhood on the surrounding residential property prices. There has been opposition from 
property owners who believe that the erection of a Walmart in their neighbourhood decreases the 
property’s value. The opposition is not only based on the effect on property prices but also on the 
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effect of wages and the fact that the shopping mall could be a breeding ground for crime, traffic 
congestion and noise pollution. The aim of this research was to determine whether the building 
of a Walmart had a negative or a positive impact on the property values that are in close 
proximity to the shopping mall. 
 
It is important to note that the building of a Walmart is not built alone but with other businesses 
that will also have an impact on surrounding properties. Different households have different 
priorities and values. If a household values easy access to goods and services then the building of 
a Walmart would be seen as a positive effect on property prices. However, if Walmart and its 
affiliates brought about negative effects then it would have an adverse effect on property prices 
(Pope and Pope, 2012). 
 
The data that were used in this study were split into two categories, namely Walmart data and 
housing price data. The Walmart data was focused on 159 Walmart stores in the United States 
that were built from 1962 to January 31st 2006. The announcement of the building of the 
Walmart was also collected with the length of construction taken into account. The housing data 
was bought from a commercial vendor. The dependent variable used in the model was the sales 
prices of single-family residential properties that were sold between January 1st 1998 and 
January 31st, 2008. The data used included the sales prices of houses, sale date, structural 
characteristics, square feet of living area, number of bathrooms, bedrooms, the year it was built 
and the lot size. 
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In order to determine the effects of Walmart and its affiliates on property values, the hedonic 
price method was used. The basic hedonic price function that was used is represented by: 
 
log(𝑃𝑖𝑗𝑦𝑚) = 𝛼𝑗𝑦𝑚 + 𝛾𝑋𝑖 + 𝛽0𝐷𝑖𝑗
0.5 + 𝜃0𝐷𝑖𝑗
1 + ∅0𝐷𝑖𝑗
2 + 𝜀𝑖𝑗𝑦𝑚            3.4 
 
where: 
log(𝑃𝑖𝑗𝑦𝑚)= log of the sale price. 
𝑋𝑖= a vector of house characteristics. 
𝐷𝑖𝑗
0.5= dummy variable: 1 if property was within 0.5 miles from a Walmart; 0 otherwise. 
𝐷𝑖𝑗
1               = dummy variable: 1 if property was within 1 mile from a Walmart; 0 otherwise. 
𝐷𝑖𝑗
2= dummy variable: 1 if property was within 2 miles from a Walmart; 0 otherwise. 
 
The researchers found that, using the hedonic method, residential properties that were situated 
0.5 miles and less from a Walmart experienced an increase of two to three per cent in property 
value. The properties that were between 0.5 and 1 miles experienced an increase of only one to 
two per cent. For the average household that would mean an increase of $7000 in value for 
houses that were 0.5 miles or less from a Walmart and a $4000 increase in value for properties 
that were between 0.5 and 1 miles from a Walmart (Pope and Pope, 2012). 
 
It was found that the presence of a Walmart increased the values of properties that were in close 
proximity to the mall. The researchers concluded that most households prefer to live in close 
proximity to Walmart and its affiliates(Pope and Pope, 2012).  
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3.7    SEAGO (2014) STUDY 
Seago (2014) conducted a case study in order to determine the effect of amall on surrounding 
property values. The main purpose of the study was to shed light on the effect of different land 
uses on surrounding property prices. The hedonic price method was employed in this regard. 
 
This research aimed to determine how residential property prices are affected by their distance to 
the Northgate Mall, Tennessee, USA. The methodology used in this research was a hedonic 
regression model. This model was used in order to determine the effect of the Northgate Mall on 
housing values in close proximity to the mall. The model comprised the following independent 
variables: Lot area, square footage of property, number of bedrooms, number of bathrooms and 
the distance of the property to the Northgate Mall which was divided into distance segments. 
These segments were categorized with respect to the radial distance of a group of houses from 
Northgate Mall, that is, 0.5 miles, 1.0 miles, 2.0 miles, 3.0 miles and 4.0 miles, respectively. The 
data was collected from Zillow.com23 and a sample of 50 houses was chosen from each 
geographic segment. Three models were used in the analysis. The first model was a standard 
model, whilst the second model sought to improve the goodness of fit of the model by 
incorporating the square footage squared and the third model measured the size of the lot 
squared. The three models employed in the study are presented below: 
 
Model 1: 
𝐿𝑜𝑔 𝑃𝑖 = 𝛽0 + 𝛽1𝐵𝑒𝑑𝑖 + 𝛽2𝐵𝑎𝑡ℎ𝑖 + 𝛽3𝑆𝐹𝑖 + 𝛽4𝐿𝑜𝑔(𝐿𝑜𝑡𝑖) + 𝛽5𝐷1𝑖 + 𝛽6𝐷2𝑖 + 𝛽7𝐷3𝑖 + 𝛽8𝐷4𝑖 +
𝛽9𝐷5𝑖 + 𝜀𝑖                                                                                                                                     3.5 
 
                                                          
3 A property website based in The USA that documents the salesof properties. 
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Model 2:  
𝐿𝑜𝑔 𝑃𝑖 = 𝛽0 + 𝛽1𝐵𝑒𝑑𝑖 + 𝛽2𝐵𝑎𝑡ℎ𝑖 + 𝛽3𝑆𝐹
2
𝑖 + 𝛽4𝐿𝑜𝑔(𝐿𝑜𝑡𝑖) + 𝛽5𝐷1𝑖 + 𝛽6𝐷2𝑖 + 𝛽7𝐷3𝑖 +
𝛽8𝐷4𝑖 + 𝛽9𝐷5𝑖 + 𝜀𝑖                                                                                                                       3.6 
Model 3:  
𝐿𝑜𝑔 𝑃𝑖 = 𝛽0 + 𝛽1𝐵𝑒𝑑𝑖 + 𝛽2𝐵𝑎𝑡ℎ𝑖 + 𝛽3𝑆𝐹
2
𝑖 + 𝛽4𝐿𝑜𝑔(𝐿𝑜𝑡
2
𝑖
) + 𝛽5𝐷1𝑖 + 𝛽6𝐷2𝑖 + 𝛽7𝐷3𝑖 +
𝛽8𝐷4𝑖 + 𝛽9𝐷5𝑖 + 𝜀𝑖                                                                                                                       3.7 
 
where: 
𝑃𝑖 = the price of the property. 
𝛽𝑖= coefficients of the individual house characteristics. 
𝐵𝑒𝑑          = number of bedrooms. 
𝐵𝑎𝑡ℎ        = number of bathrooms. 
𝑆𝐹            = square feet of the property. 
𝐿𝑜𝑡          = the size of the lot (feet). 
𝐷1𝑖          = dummy variable: 1 if property was within 0.5 miles from Northgate; 0 otherwise. 
𝐷2𝑖          = dummy variable: 1 if property was within 1 mile from Northgate; 0 otherwise.  
𝐷4𝑖          = dummy variable: 1 if property was within 3 miles from Northgate; 0 otherwise. 
𝐷5𝑖          = dummy variable: 1 if property was within 4 miles from Northgate; 0 otherwise. 
𝜀𝑖        = random error term. 
 
The results revealed positive coefficients on the number of bedrooms, bathrooms and lot size 
which conformed with a priori expectations. This implies that these physical characteristics of 
properties have a positive effect on the value of a property. The coefficients on the important 
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distance variables revealed the following: houses that were situated within 0.5 miles of the mall 
were shown to experience negative externalities as the hypothesis predicted. The distance 
segment which experienced a positive impact with relation to distance from Northgate Mall was 
the group of houses in the second distance band (0.5 to 1 miles). The coefficient of 0.25 and a t-
statistic of 3.04 implied that within this distance band, the Northgate Mall exerted a positive 
effect on surrounding properties. The other distance segments also indicated a positive 
relationship between house values and their distance from Northgate Mall. Based on these 
results, Seago (2014) concluded that at close proximity to the Northgate Mall (less than 0.5 
miles) negative externalities appear to dominate. However, at a distance greater than 0.5 miles, 
the positive aspects of the Northgate Mall appeared to dominate. This suggests that there may be 
an optimal spatial frequency of shopping malls. 
 
3. 8    A SYNOPSIS OF THE STUDIES REVIEWED 
Table 3.1 presents a synopsis of information of the studies reviewed. 
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Table 3.1 A synopsis of the studies reviewed 
                                                          
4As previously mentioned, the study by Laposa and Mueller (2010) examined the effect of a proposed wind farm on surrounding property values. 
Author(s) Year Study site Sample 
size 
Dependent 
variable 
Number of          
independent 
variables 
Incorporation 
of key 
independent 
variable 
Functional 
form of 
hedonic 
equation 
Time 
period 
Time 
considerations 
Relationship 
with 
property 
values 
Colwell, Gujral 
& Coley 
1985 Urbana, 
Illinois 
43 Sales price 8 Dummy 
variable 
indicating the 
announcement 
effect 
Log-linear 1976-
1982 
Sales price 
converted to 
current dollars 
Negative 
Des Rosiers, 
Lagana,Theriault 
&Beaudoin 
1996 Quebec, 
Canada 
4000 Sales price Up to 60 Dummy 
variable for the 
distance factors 
Log-linear 
or inverse 
1990-
1991 
Not specified Positive 
Laposa and 
Mueller4 
2010 Maxwell 
Ranch, 
Colorado 
2910 Sales price 10 Dummy 
variable for the 
announcement 
effect 
Log-linear 1997-
2008 
Sales price 
converted to 
current dollars 
Negative 
Addae-Dappah & 
Lan 
2010 Singapore 8600 Sales price 20 Dummy 
variable for the 
distance factors 
Not 
specified 
2005-
2008 
Not specified Positive 
Pope & Pope 2012 United 
States 
159 Sales price 5 Dummy 
variable for the 
distance factors  
Not 
applicable 
2000-
2006 
Not specified Positive 
Seago 2013 United 
States 
50 Sales price 9 Dummy 
variable for the 
distance factors 
Not 
specified 
2012-
2014 
Not specified Mixed 
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As can be seen from the Table 3.1, the range in sample sizes is large with one research study 
using 43 homes in its data analysis whilst another study has up to 8600 transactions in its 
analysis of sales prices. This can be attributed to the availability of data or to the number of 
properties that are in the area of interest.  
 
The average number of the independent variables for the reviewed studies is 27.6 with the 
minimum number being 5 independent variables and the maximum number being 60. The 
variables of interest (distance and time) entered into the hedonic price equation by the use of 
dummy variables. The dummy variables were used to show if the occurrence of a sale was 
before or after the announcement of the building of a shopping mall and to ascertain the 
distance that the specific properties were from the shopping malls. All of the studies that were 
discussed had the same dependent variable, namely the actual sales prices of the properties 
under investigation.   
  
The studies that were reviewed in this chapter all employed the hedonic price method and 
most of them used the established functional forms.  
 
3.9     LIMITATIONS OF THE STUDIES 
The studies under discussion in this chapter experienced limitations that are similar to any 
study that utilises the hedonic price method. These can be categorised into different areas. 
Firstly using the hedonic price method is classified as “data intensive” as such it requires a 
large number of observations in order to give accurate regression results (Gundimeda, 2005). 
This is a point of concern when looking at some of the studies in this chapter as some have a 
very small sample size. Furthermore, it is thought that households have perfect information 
which is not always the case.  
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3.10   CONCLUSION 
This chapter provided a review of the international literature on the effects of certain 
commercial land uses on adjacent property. In total six studies were reviewed. Five of which 
focused on the effect of shopping malls on surrounding property values and one focused on 
the effect of a proposed wind farm on surrounding property values (the study by Laposa and 
Mueller (2010)). The Laposa and Mueller (2010) study was included in order to provide an 
additional example of a hedonic price study that incorporated an “announcement dummy” 
variable in the analysis. The results of each of the six studies varied greatly. This suggests 
that each commercial land use is unique and that caution must be applied when interpreting 
the results.  
 
In which follows, Chapter Four presents the estimation results of the hedonic price model 
applied in this study. 
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CHAPTER 4: EMPIRICAL RESULTS AND DISCUSSION 
4.1       INTRODUCTION 
In order to determine the effect of the newly constructed Baywest Mall on surrounding 
property prices, it was necessary to estimate a series of hedonic price functions. Chapter Four 
presents of the results of these hedonic price function estimations. The chapter proceeds by 
first discussing the research design and data collection. The results of the hedonic price 
application are then presented, followed by a conclusion. 
 
4.2       RESEARCH DESIGN AND DATA COLLECTION 
4.2.1    TARGET POPULATION AND SAMPLE SIZE 
Historical sales data for residential properties that were traded at least once during the period 
2004 – 2015 were obtained from the South African Property Transfer Guide (SAPTG). The 
suburbs of Rowallan Park, Sherwood and Kunune Park were chosen as areas of interest as 
these areas are in close proximity to the Baywest Mall. Table 4.1 shows the number of sales 
that took place in the above-mentioned areas of interest during the study period. 
Table 4.1:Residential property sales in the suburbs in close proximity to Baywest Mall 
Suburb Number of residential sales over the study 
period (2004 – 2015) Kunune Park 267 
Rowallan Park 555 
Sherwood 550 
TOTAL 1372 
 
Source: SAPTG (2015) 
 
The 1372 transactions (see Table 4.1) that took place in the study period were deemed to be 
the size of the target population. The sample size for the study was the determined using the 
following formula: 
𝑛 =
𝑁
1+𝑁.𝑒2
                                                                                                                                4.1 
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where: 
𝑛 = sample size. 
𝑁 = population size. 
𝑒 = level of precision (Fink, 2003). 
Using Equation 4.1, a sample size of 89 observations5was estimated with a level of precision 
of 10 per cent. This ensured a representative sample from the population, since the generally 
accepted level of precision for representative samples is 10 per cent or less (Fink, 2003). 
 
4.2.2    DATA COLLECTION 
In order to estimate the hedonic price functions, appropriate data for the dependent and 
independent variables needed to be obtained. 
 
4.2.2.1 THE DEPENDENT VARIABLE  
The most suitable dependent variable is one that is impartial, is easily available and is a 
reflection of the market value of the property. It was deemed that actual sales prices of the 
properties within the study site fulfilled these criteria. Data from the ABSA house price index 
were then used in order to adjust the property prices to constant 2015 rands. This was 
performed in order to account for all the market fluctuations that may have occurred since the 
sale of the properties. This adjustment is a common tool in economic theory when the data 
being dealt with does not all originate from the same year (Leggett and Bockstael, 2000; 
Cotteleer and van Kooten, 2012).  
 
 
 
                                                          
5Of these, 89 observations were deemed usable. 
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4.2.2.2 THE INDEPENDENT VARIABLES 
In order to compile data on the residential properties in the sample, personal interviews were 
conducted with the homeowners or tenants of the selected 89 properties. It was necessary to 
physically collect the data due to the lack of house characteristic data on the municipal 
database. A questionnaire was used for this purpose, and the interviews took place during 
July 2015. The choice of which housing characteristics to be used in this study was aided by 
the use of the Sirmans et al. (2005) study (see Section 2.2.4.3, Chapter Two). 
 
The following independent variables were thought to have an impact on the property prices in 
the suburbs of Rowallan Park, Sherwood and Kunune Park:  
 Erf size; 
 Number of stories; 
 Number of bedrooms; 
 Number of full bathrooms; 
 Presence of a garage; 
 Presence of a swimming pool; 
 Presence of a granny flat; 
 Presence of  an air-conditioning system; and 
 A series of interactive announcement and distance variables. 
 
The distance of a property from the Baywest Mall was estimated using Google Maps’ 
electronic database. The road distance was used instead of the straight line6 distance as it is 
thought to be a better estimate of accessibility to the Baywest Mall since the preferred mode 
                                                          
6Straight-line distances are also referred to as basic Euclidean distances (Ivis, 2006).  
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of transport to the Baywest Mall is via motor vehicle. Furthermore, it is a developed way of 
calculating distance and used by the majority of hedonic researchers (Al-Mosaind and 
Dueker, 1993; Chen, Rufolo and Dueker, 1998; Des Rosiers, Theriault and Villeneuve, 2000; 
Sander and Polasky, 2009; Boscoe, Henry and Zdeb, 2012). All 89 houses used to estimate 
the hedonic price model are situated within a 12 kilometre radius of the Baywest Mall. 
Previous applications of the hedonic price method to examine the effect of commercial land 
uses have used similar radial zones. For example, Cameron & Pravin (2005) used a 7.5-mile 
(12 kilometre) radius to examine the price effects of local environmental disamenities. A 
study by Fullerton and Villalobos (2011) investigated the effect of proximity to the central 
business district (CBD) in El Paso, Texas. This study employed a standard road distance 
measure with the average house situated 22 kilometres from the CBD. It was concluded that 
proximity to the CBD exerts a statistically significant positive impact on surrounding house 
prices (Fullerton & Villalobos, 2011). A study by Kohlhase (1991) used a 7 mile (11.2 
kilometre) radius to determine the effect of toxic waste sites on housing values. 
 
The distance was measured from the boundary wall of the residence to the entrance of the 
Baywest Mall. With regard to the critical announcement variable, it was important to include 
this aspect in the scope of research as it informed dwellers within Nelson Mandela Bay that 
the Baywest Mall was indeed being built. The Colwell et al. (1985) study made use of an 
announcement dummy variable in order to capture the effect of the announcement of the 
construction of Southgate Mall on surrounding property prices. Moreover, Laposa and 
Mueller (2010) also employed an announcement dummy variable to do the same but with 
regard to the construction of a wind farm. The researchers hypothesised that the 
announcement date would have an impact on surrounding property prices either negatively or 
positively.  
 82 
 
 
The official announcement date of the go-ahead of construction of the Baywest Mall was 21 
March 2012 (Hayward & Rogers, 2012). As such, for the purpose of the research the 
announcement dummy variable for all the houses in the sample that were sold prior to 21 
March 2012 was coded as a 0. The announcement dummy variable for houses sold after the 
critical date was coded as a 1. This is in line with the methodology followed by Colwell et al 
(1985) and Laposa and Mueller (2010). 
 
4.3 DESCRIPTIVE STATISTICS OF THE VARIABLES USED IN THE HEDONIC PRICE       
 ANALYSIS 
4.3.1 A DESCRIPTION OF THE DEPENDENT VARIABLE 
Table 4.2 provides a summary of the descriptive statistics of the dependent variable. 
Table 4.2: Descriptive statistics of the sales price variable used in the model (n = 89) 
Variable Minimum Maximum Mean Standard deviation 
Dependent variable 
Sales_Price (in 
constant 2015 
rands) 
352 950 1 744 000 806 909.214 21 020.479 
  
Table 4.2 shows that, on average, the houses in the study have a value of R806 904 (in 
constant 2015 rands) with a minimum value of R352 950 and a maximum value of R1 744 
000.  
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4.3.2 A DESCRIPTION OF THE INDEPENDENT VARIABLES  
The definitions and expected signs of the independent variables are shown in Table 4.3. 
Table 4.3: Variable mnemonics and definitions of the variables used in the hedonic 
price model  
Independent 
variable 
Description Unit of measurement Expected sign 
Stories Number of stories Number of + 
Full_bathroom Number of full 
bathrooms 
Number of + 
Bedrooms Number of bedrooms Number of + 
Pool Whether or not a 
swimming pool is 
present 
Yes = 1 
No = 0 
+ 
Flatlet Whether or not a granny 
flat is present 
Yes = 1 
No = 0 
+ 
Air_conditioner Whether or not an air-
conditioner is present 
Yes = 1 
No = 0 
+ 
Garage_dummy Whether or not a garage 
is present 
Yes = 1 
No = 0 
+ 
Erf_size Size of the erf Square metres + 
Announcement Whether the house was 
sold after the critical 
announcement date 
Yes = 1 
No = 0 
+/- 
Before Before announcement 
distance variable 
(distance times (1-
announcement)) 
Metres +/- 
After After announcement 
distance variable 
(distance times 
announcement) 
Metres +/- 
 
Prior to running the regressions, hypotheses were developed regarding the signs of the 
explanatory variables. In terms of structural characteristics, the number of stories, the number 
of full bathrooms, the number of bedrooms, the presence of a swimming pool, the presence of 
a garage, the presence of a granny flat, the presence of air-conditioner and the size of the erf 
were all expected to have positive impacts on house prices. The hypothesised sign for the 
announcement variable was indeterminate since it was not known what effect the 
announcement of the Baywest Mall would have on surrounding property prices (as mentioned 
in Chapters One and Three, malls can be the source of both positive and negative 
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externalities). In terms of the interactive distance variables (before and after), the before 
announcement distance variable was hypothesised to be zero on the assumption that distance 
from the Baywest Mall prior to the announcement would not be expected to affect the 
property values. This hypothesis is consistent with the study by Colwell et.al (1985). The 
hypothesised sign for the after announcement distance variable was indeterminate, for the 
same reason as the announcement variable. 
 
Table 4.4 shows the descriptive statistics of the independent variables used in the hedonic 
price model. 
Table 4.4 Descriptive statistics of the independent variables used in the hedonic price 
model   
Variable Mean Standard deviation 
Stories 1.056 0.025 
Full_bathroom 1.427 0.055 
Bedrooms 3.292 0.663 
Pool 0.202 0.043 
Granny_flat 0.157 0.039 
Garage_dummy 0.618 0.052 
Erf size 752.764 18.64 
Announcement 0.494 0.053 
Before 3552.809 4186.696 
After 3862.921 4312.703 
 
The average house in the sample has 3.292 bedrooms, 1.427 bathrooms, has an erf size of 
752.764 square metres and has 1.056 stories. The majority of the houses have a garage. The 
least common structural characteristic is the presence of a pool. The announcement variable 
has a mean of 0.494 revealing that slightly more than half of the property sales data that was 
used were of houses that were sold prior the announcement of the building of the Baywest 
Mall.  
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4.4       RESULTS OF THE HEDONIC PRICE ESTIMATION 
To better understand and interpret the factors that determine the value of a house and test 
against the hypotheses that were made about the announcement effect of the Baywest Mall, a 
series of hedonic price models were estimated. More specifically, three functional forms were 
estimated, namely a linear model, a semi-log model and a double-log model. Two estimations 
of each hedonic function were made, namely a complete model and a reduced model. The 
complete model included all the house characteristics gathered for the study and the reduced 
model only included house characteristics that were statistically significant, at the 10 per cent 
level or better. The complete models and the reduced models were then compared against 
each other to ascertain which model exhibited better predictive powers. In addition to this, all 
hedonic regressions were tested for heteroskedasticity and multicollinearity. 
 
4.4.1    ESTIMATION OF THE COMPLETE HEDONIC PRICE MODEL 
The complete model included all the housing characteristics presented in table 4.4. The linear 
hedonic price model form was specified as follows: 
𝑆𝑎𝑙𝑒𝑠_𝑃𝑟𝑖𝑐𝑒 =  𝛽0 + 𝛽1𝐸𝑟𝑓𝑠𝑖𝑧𝑒 + 𝛽2𝑆𝑡𝑜𝑟𝑖𝑒𝑠 + 𝛽3𝐹𝑏𝑎𝑡ℎ𝑟𝑜𝑜𝑚 + 𝛽4𝐵𝑒𝑑𝑟𝑜𝑜𝑚𝑠 +
𝛽5𝑃𝑜𝑜𝑙 + 𝛽6𝐺𝑟𝑎𝑛𝑛𝑦𝑓𝑙𝑎𝑡 + 𝛽7𝐴𝑖𝑟𝑐𝑜𝑛 + 𝛽8𝐺𝑎𝑟𝑎𝑔𝑒𝑑𝑢𝑚𝑚𝑦 + 𝛽9𝐴𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡 +
𝛽10𝐵𝑒𝑓𝑜𝑟𝑒 + 𝛽11𝐴𝑓𝑡𝑒𝑟 + 𝜀                                                                                                   4.2 
 
The semi-log hedonic price model took the following form: 
𝑙𝑛𝑆𝑎𝑙𝑒𝑠_𝑃𝑟𝑖𝑐𝑒 = 𝛽0 + 𝛽1𝐸𝑟𝑓𝑠𝑖𝑧𝑒 + 𝛽2𝑆𝑡𝑜𝑟𝑖𝑒𝑠 + 𝛽3𝐹𝑏𝑎𝑡ℎ𝑟𝑜𝑜𝑚 + 𝛽4𝐵𝑒𝑑𝑟𝑜𝑜𝑚𝑠 +
𝛽5𝑃𝑜𝑜𝑙 + 𝛽6𝐺𝑟𝑎𝑛𝑛𝑦𝑓𝑙𝑎𝑡 + 𝛽7𝐴𝑖𝑟𝑐𝑜𝑛 + 𝛽8𝐺𝑎𝑟𝑎𝑔𝑒𝑑𝑢𝑚𝑚𝑦 + 𝛽9𝐴𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡 +
𝛽10𝐵𝑒𝑓𝑜𝑟𝑒 + 𝛽11𝐴𝑓𝑡𝑒𝑟 + 𝜀                                                                                                   4.3 
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The double-log hedonic price model took the following form: 
𝑙𝑛(𝑆𝑎𝑙𝑒𝑠_𝑃𝑟𝑖𝑐𝑒) =     𝛽0 + 𝛽1𝑙𝑛𝐸𝑟𝑓𝑠𝑖𝑧𝑒 + 𝛽2𝑙𝑛𝑆𝑡𝑜𝑟𝑖𝑒𝑠 + 𝛽3𝑙𝑛𝐹𝑏𝑎𝑡ℎ𝑟𝑜𝑜𝑚 +
𝛽4𝑙𝑛𝐵𝑒𝑑𝑟𝑜𝑜𝑚𝑠 + 𝛽5𝑃𝑜𝑜𝑙 + 𝛽6𝐺𝑟𝑎𝑛𝑛𝑦𝑓𝑙𝑎𝑡 + 𝛽7𝐴𝑖𝑟𝑐𝑜𝑛 + 𝛽8𝐺𝑎𝑟𝑎𝑔𝑒𝑑𝑢𝑚𝑚𝑦 +
𝛽9𝐴𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡 + 𝛽10𝐵𝑒𝑓𝑜𝑟𝑒 + 𝛽11𝐴𝑓𝑡𝑒𝑟 + 𝜀                                                              4.4 
 
Table 4.5 presents the results complete hedonic price models. 
Table 4.5: Regression results of the complete hedonic price models (n = 89) (Standard 
errors in parenthesis) 
 Model 
Variable Linear Semi-log Double-log 
Constant 6095.879 
(106480.3)  
12.666 
(0.214)  
11.843 
(0.623)  
Erf size 313.089𝑏  
(127.066)  
0.0003𝑏  
(0.0001)  
0.199𝑐 
(0.098)  
Stories 219706.1𝑏 
(96161.16)  
0. 194  
(0.119)  
0.307𝑐 
(0.183)  
Full bathroom 70916.11 
(44895.2)  
0.079 
(0.055)  
0.119 
(0.077)  
Bedrooms 59611.18  
36463.44  
0.078𝑐 
(0.045)  
0.248𝑐 
(0.135)  
Pool −44442.83  
(51043.49)  
-0.046 
(0.063)  
−0.045 
(0.063)  
Garage dummy −987.719  
(40742.51)  
0.013 
(0.051)  
0.019 
(0.05)  
Granny flat 97556.48𝑐 
(53704.52)  
0.137𝑐 
(0.067)  
0.139𝑏 
(0.066)  
Aircon 84462.54  
(106480.3)  
0.133 
(0.132)  
0.132 
(0.131)  
Announcement 
 
222732.7𝑐 
(106692.8)  
0.275𝑐 
(0.133)  
0.292𝑏 
(0.113)  
Before −1.029  
(8.54)  
-0.0000005 
(0.00001)  
−0.000001 
(0.00001)  
After −20.558𝑐 
(10.933)  
(0.00002)𝑐 
0.00001  
−0.00002𝑐  
(0.00001)  
𝑅2 0.367 0.345 0.343 
Adj 𝑅2 0.276 0.251 0.259 
F-statistic 4.06 3.68 4.07 
Notes: 𝑎 Significant at the 1 percent level 
          𝑏  Significant at the 5 percent level 
          𝑐 Significant at the 10 percent level 
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Diagnostic tests were conducted in order to test for the presence of multicollinearity and 
heteroskedasticity. With the exception of the announcement variable and the interactive 
distance variables, the computed variance inflation factors (VIFS) did not exceed the 
threshold value of 5. These diagnostic test results reveal that there is a danger of 
multicollinearity present in the models. There are numerous remedies used by researchers to 
combat multicollinearity. These include model respecification, the use of additional data, the 
use of ridge regression and leaving the variables as is (Paul, 2006). More specifically, “it 
often happens that doing nothing is the correct course of action. One reason for doing nothing 
is that multicollinearity in an equation will not always reduce the t-scores enough to make 
them insignificant or change the ?̂?’s enough to make them differ from expectations” 
(Studemond, 2006). For this reason, it was decided to leave the models as is.  
 
The Breusch-Pagen test for heteroskedasticity was also conducted for all three models. The 
Chi-squared test statistics were 9.86, 4.72 and 7.31 for the linear, semi-log and double-log 
models, respectively. These did not exceed the critical value of 16.92, meaning that the null 
hypothesis of constant variance could not be rejected. It was thus concluded that 
heteroskedasticity was not present in the model. 
 
 The significance of the independent variables was tested through the null hypothesis that its 
coefficient is equivalent to zero. The p-value was used to in order to assess if the null 
hypothesis should be accepted or rejected (Hill, Griffiths & Lim, 2008). 
 
The results show that the number of stories, erf size, the presence of a granny flat, the 
announcement variable and the after announcement distance variable were significant at the 
ten per cent level or better in the linear model. With regard to the semi-log model, the erf 
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size, the number of bedrooms, the presence of a granny flat, the announcement variable and 
the after announcement variable were statistically significant, at the 10 per cent level of 
significance, or better. All the variables except for the garage and the presence of a pool 
exhibited the hypothesized signs in Table 4.3. When the double-log model was applied, the 
erf size, the number of bedrooms, the number of stories, the presence of a granny flat, the 
date dummy and the after the announcement variable were found to be statistically 
significant. The announcement variable was statistically significant in all three models and 
displays a positive sign. This reveals that the sales prices of properties that are in close 
proximity to the Baywest Mall were positively affected by the announcement of the building 
of the shopping mall.  
 
The linear model’s adjusted 𝑅2was found to be 0.276 whilst the adjusted 𝑅2values for the 
semi-log and the double-log model were found to be 0.251 and 0.248, respectively. This 
implies that the house characteristics included in the linear model explained 27.6 per cent of 
the variation in house prices and the house characteristics included in the semi-log and 
double-log models explained 25.1 per cent and 24.8 per cent, respectively. 
The F- statistic values for the linear, semi-log and double-log reduced models are 4.06, 3.68 
and 4.07, respectively. Their corresponding p-values are 0.0001, 0.0003 and 0.000 indicating 
that all three  models shows that the fit of the sample data was statistically meaningful and 
that the regression equations were effective. 
 
4.4.2 ESTIMATION OF THE REDUCED HEDONIC PRICEMODEL  
A reduced model for all three functional forms was also run. The reduced version of the 
model excluded all statistically insignificant predictors. The reduced linear model took the 
following form: 
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𝑆𝑎𝑙𝑒𝑠_𝑃𝑟𝑖𝑐𝑒 =  𝛽0 + 𝛽1𝐸𝑟𝑓𝑠𝑖𝑧𝑒 + 𝛽2𝑆𝑡𝑜𝑟𝑖𝑒𝑠 + 𝛽3𝐺𝑟𝑎𝑛𝑛𝑦𝑓𝑙𝑎𝑡 + 𝛽4𝐴𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡 +
𝛽5𝐴𝑓𝑡𝑒𝑟 + 𝜀                                                                                                                            4.5 
 
The reduced semi-log hedonic price model took the following form: 
𝑙𝑛𝑆𝑎𝑙𝑒𝑠_𝑃𝑟𝑖𝑐𝑒 =  𝛽0 + 𝛽1𝐸𝑟𝑓𝑠𝑖𝑧𝑒 + 𝛽2𝐺𝑟𝑎𝑛𝑛𝑦𝑓𝑙𝑎𝑡 + 𝛽3𝐵𝑒𝑑𝑟𝑜𝑜𝑚𝑠 + +𝛽4𝐴𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡 =
𝛽5𝐴𝑓𝑡𝑒𝑟 + 𝜀                                                                                                                             4.6                              
 
The reduced double-log hedonic price model took the following form: 
ln(𝑆𝑎𝑙𝑒𝑠𝑃𝑟𝑖𝑐𝑒) = 𝛽0 + 𝛽1𝑙𝑛𝐸𝑟𝑓𝑠𝑖𝑧𝑒 + 𝛽2𝑙𝑛𝑆𝑡𝑜𝑟𝑖𝑒𝑠 + 𝛽3𝑙𝑛𝐵𝑒𝑑𝑟𝑜𝑜𝑚𝑠 + 𝛽4𝐺𝑟𝑎𝑛𝑛𝑦𝑓𝑙𝑎𝑡 +
𝛽5𝐴𝑛𝑛𝑜𝑢𝑛𝑐𝑒𝑚𝑒𝑛𝑡 + 𝛽6𝐴𝑓𝑡𝑒𝑟 + 𝜀                                                                                      4.7 
 
The estimation for the reduced models of the three functional forms are presented in Table 
4.6. 
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Table 4.6: Regression results of the reduced hedonic price models (n=89) (Standard 
errors in parenthesis) 
 Model 
Variable Linear Semi-log Double-log 
Constant          110477.2 
(163414.8)  
            12.962 
(0.142)  
           12.521 
(0.514)  
Erf size 438.432𝑎 
(109.519)  
0.0002𝑐  
(0.0001)  
0.215𝑏  
(0.098)  
Stories 305469.2𝑎 
92738.06 
 0349𝑐 
0.181 
Bedrooms  
 
0.117𝑏  
(0.374) 
0.315𝑎 
(0.118)  
Granny flat 95500.48𝑐 
50882.79  
0.098𝑐 
(0.062)  
0.113𝑐 
(0.062)  
Announcement 250340.53𝑎 
(91224.14)  
0.329𝑎 
(0.110)  
0.315𝑎 
(0.109)  
After −24.598𝑏 
(10.576)  
−0.00003𝑏 
(0.00001)  
−0.00003𝑏 
(0.00001)  
𝑅2 0.285 0.28 0.308 
Adj 𝑅2 0.242 0.2377 0.257 
F-statistic 6.6 6.46 6.07 
Notes:  𝑎 Significant at the 1 percent level 
            𝑏  Significant at the 5 percent level 
            𝑐 Significant at the 10 percent level 
 
The reduced model comprised solely of the variables that were found to be statistically 
significant in the complete model. The results of the reduced model were similar to the results 
that were obtained in the full model. The signs of the coefficients accord with a priori 
expectations that were presented in Table 4.3 All the coefficients are statistically significant 
in all the models.  
 
The signs of the coefficients remained the same in the reduced model as they were in the 
complete model presented in Table 4.5. The coefficients of the announcement variable were 
found to be significant at the one per cent level in all three reduced models. The after 
announcement variable was found to statistically significant at the five per cent level in all 
three reduced models. The coefficients of the granny flat were statistically significant at the 
ten per cent level in all the reduced models. The coefficient of erf size was statistically 
significant at the one per cent level in the reduced linear model and statistically significant at 
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the five per cent level on the reduced semi-log and double-log models. The stories coefficient 
was statistically significant at the one per cent level in the reduced linear model and 
statistically significant at the ten per cent level in the reduced double-log model. The 
bedrooms coefficient was found to be statistically significant at the one per cent level in the 
reduced double-log model. 
 
The adjusted 𝑅2was 0.242 for the linear model and 0.237 and 0.257 for the semi-log and 
double-log models, respectively. The F- statistic values for the linear, semi-log and double-
log reduced models were 6.6, 6.46 and 6.07, respectively. Their corresponding p-values were 
0.0001, 0.001 and 0.0002 indicating that all three reduced models shows that the fit of the 
sample data was statistically meaningful.  
 
The reduced models were tested for the presence of multicollinearity and heteroskedasticity. 
All the variables in the reduced models did not have VIF values that exceeded the critical 
value of 5, thus indicating that there was no severe multicollinearity in the models. The 
Breusch-Pagen test for heteroskedasticity was also conducted in order to test for 
heteroskedasticity. The test confirmed that there was no heteroskedasticity in the reduced 
models. The Chi- squared test statistics for the linear, semi- log and double-log were 3.87, 
1.88 and 2.11, respectively, which did not exceed the critical value of 9.49, thus indicating 
that heteroskedasticity was not present in the reduced models. 
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4.5 THE COMPLETE HEDONIC MODEL VERSUS THE REDUCED HEDONIC 
 MODEL 
The nested F-test was used in order to compare the complete models and the reduced models. 
The test statistic used for the nested F-test is defined below: 
 
𝐹 =
(𝑅2𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒−𝑅2𝑟𝑒𝑑𝑢𝑐𝑒𝑑)∗(𝑛−𝑘−1)
(1−𝑅2𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒)∗(𝑘−𝑔)
                                                                                        4.8                          
 
where: 
𝑛 = number of observation. 
𝑘 = number of variables in the complete model. 
𝑔 = number of variables in the reduced model. 
 
Using the nested F-test the complete (linear, semi-log and double log) and reduced models 
were compared for goodness of fit. The F-test statistics for the linear, semi-log and double-
log models were 0.777, 0.761 and 1.036, respectively. These values were all smaller than the 
critical value of 2.68 (at the 95 per cent confidence level). This outcome does not warrant the 
rejection of the null hypothesis that all variables excluded in the reduced model are equal to 
zero. In all cases (linear, semi-log and double-log) it was found that the reduced model was 
preferable to the complete model. 
 
4.6    WELFARE ESTIMATES 
The type of welfare estimates that will be presented in this section are the marginal values 
(also known as implicit prices) for house characteristics.  
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4.6.1 MARGINAL VALUE ESTIMATION 
The implicit price for the significant variables in each model can be obtained by employing 
the following equation: 
 
Marginal Value = 𝛽𝑋𝜃−1𝑌1−𝜆                                                                                                4.9 
where: 
X               = average distance of house in the sample from Baywest Mall. 
Y               = average sales price of a house in the sample. 
 
Table 4.7 presents the implicit price of the housing characteristic of interest. 
Table 4.7: Implicit price of housing characteristic of interest 
Housing 
characteristic 
Implicit price 
Linear model 
(𝝀 = 𝜽 = 𝟏) 
Semi-log model 
(𝝀 = 𝜽; 𝜽 = 𝟏) 
Double-log model 
(𝝀 = 𝜽 = 𝟎) 
Announcement 
variable 
250 340.5 231 981.254 269 221.45 
After 24.6 25.8 27.2 
 
As can be seen from Tables 4.5, 4.6 and 4.7, the announcement of the construction of the 
Baywest Mall had a statistically significant, positive impact on surrounding property prices. 
The results of this study thus reaffirm the anecdotal reports made by real estate specialists 
regarding the positive impact of the Baywest Mall. More specifically, according to the 
implicit prices presented in Table 4.7, a house that was sold after the critical announcement 
date of 21 March 2012, commanded a premium of between R250340.5 (31 per cent) and 
R269221.45 (33 per cent) ceteris paribus. In terms of magnitude, this result appears to be in 
line with the findings of the study by Keung (2009). More specifically, the study by Keung 
(2009) investigated the announcement effect of a redevelopment project on surrounding 
property prices in Hong Kong. The results of the study revealed that a property sold after the 
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announcement of the project (July 1993) commanded a premium of 41 per cent compared to 
those sold prior to the announcement ceteris paribus. In terms of the interaction variable, 
after, Table 4.7 reveals that distance to the Baywest Mall is valued at between R24.6 and 
R27.2 per metre. 
 
4.7       CONCLUSION 
Chapter Four focused on the estimation of the hedonic price model in order to ascertain if the 
announcement of the construction of the Baywest Mall would have an effect on residential 
property prices in the surrounding area. The official announcement of the construction of the 
Baywest Mall in the Western area of Nelson Mandela Bay was made on 21 March 2012 and 
construction began in August 2012. 
 
A complete hedonic price model was performed with the sales prices of the properties 
employed as the dependent variable and various structural and neighbourhood characteristics 
employed as independent variables. Moreover, a reduced model was estimated consisting of 
variables in the complete models that were found to be statistically significant. The hedonic 
price estimations were modelled using the linear, semi-log and the double-log functional 
forms through the use of R software. 
 
Based on the hedonic models that were estimated it is possible to deduce that the 
announcement of the Baywest Mall had a statistically significant positive effect on the 
residential properties that are in close proximity to the mall. However, it is important to note 
that property prices of residences in the Western suburbs of Nelson Mandela Bay are also 
influenced by numerous other characteristics,  namely the erf size of the property, the number 
of bedrooms the number of stories, and the presence of a granny flat. 
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The next chapter (Chapter Five) will be a summary of the study along with recommendations. 
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS FOR FUTURE 
RESEARCH 
5.1     CONCLUSION 
Plans to construct the Baywest Mall in the western area of Nelson Mandela Bay were 
officially announced on 21 March 2012, with the first phase of construction due to start in 
August 2012 (Hayward and Rogers, 2012). This research set out to investigate whether the 
announcement of the Baywest Mall had any effect on nearby residential properties in the 
suburbs of Rowallan Park, Kunune Park and Sherwood. The results obtained in the study 
confirmed the hypothesis and showed that the announcement of the construction of the 
Baywest Mall had a statistically significant positive effect on property prices of residential 
properties in close proximity to the mall. The results of this study have thus reaffirmed the 
anecdotal reports made by real estate specialists in Nelson Mandela Bay. 
 
A series of hedonic models were estimated using the ordinary least squares estimation 
method. Three functional forms of the hedonic price function were used in this study, namely 
the linear model, the semi-log model and the double-log model. A complete version of the 
model and a reduced version of the model were estimated. The complete models included all 
the housing characteristics whilst the reduced model included only the variables that had 
statistically significant coefficients in the complete model. Moreover, a nested F-test was 
performed on the data to compare the results obtained in the complete and reduced models 
and to ascertain goodness-of-fit. The nested F-test revealed that the reduced models were 
preferable to the complete models. 
 
In terms of hedonic theory, the model enables researchers to isolate the effect of the 
announcement of commercial land uses on nearby residential property prices. This is 
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achieved by investigating how property prices vary, depending on housing characteristics. In 
this study, these characteristics included the erf size, the number of stories, the number of 
bedrooms, the number full bathrooms, the presence of a garage, the presence of a swimming 
pool, the presence of a granny flat, the presence of air-conditioning and a series of interactive 
announcement and distance variables. These variables were hypothesised to influence house 
prices in the study area. The following independent variables were found to be statistically 
significant in all three models (linear, semi-log and double-log) and were included in the 
reduced model: erf size, granny flat, the announcement dummy, and the after announcement 
distance variable. Number of stories was statistically significant in the semi-log complete 
models and number of bedrooms was statistically significant in the semi-log and double-log 
complete models. These were also included in the reduced version of the applicable model. 
 
The average house in this study was found to have an average value of R806 904 (in constant 
2015 rands), 3.292 bedrooms, 1.427 bathrooms, an erf size of 752.764 square metres, has 
1.056 stories. The majority of the houses have a garage. The least common structural 
characteristic is the presence of a swimming pool. The study found that the Baywest Mall has 
a statistically significant positive impact on house prices of properties that were sold after the 
announcement, that is, properties that were sold after the announcement date commanded a 
premium of between R250340.50 and R269221.45 more than properties that were sold prior 
to the announcement ceteris paribus. 
 
The results of this study could be of interest to homeowners and policy makers. The study has 
shown that commercial land uses such as shopping centres have the potential to influence 
property prices. In this case, the Baywest Mall has had a positive impact on surrounding 
property prices. Commercial valuators’ models could thus be enhanced by incorporating 
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neighbourhood characteristics (such as proximity to shopping centres) in their valuation 
models. 
 
The results of this dissertation with regard to commercial land uses and property prices are 
subject to two important qualifications. Firstly, a relatively small dataset was used in this 
study and only one shopping centre complex was considered. Secondly, the sample period for 
this study covers the period 2004 – 2015. Market prices were adjusted to 2015 constant rands 
using the ABSA house price index. Unfortunately, it was not possible to obtain an index for 
the study site in question, and it is possible that an imperfect correlation exists the study site 
property trend (Kunune Park, Rowallan Park and Sherwood) and the national trend used in 
this study.  
 
5.2 RECOMMENDATIONS FOR FUTURE STUDY 
It is strongly recommended that further research be undertaken to assess the effect of other, 
existing shopping centres in Nelson Mandela bay on surrounding property prices and to 
check whether the results remain consistent across different locations. In addition to this, 
future studies should consider the use of a larger data set as this could lead to more accurate 
parameter estimates and implicit prices. Further investigations can be conducted on other 
malls in Nelson Mandela Bay to examine if their announcement and completion had any 
effect on surrounding property prices and if so, was it negative or positive. Moreover, it is 
recommended that the use of Box-Cox transformations be used as this will yield more 
accurate results. 
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